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In this book I have tried to biing together a number of differ¬ 
ent lines of research, in a general theory of behavioi that at¬ 
tempts to budge the gap between neurophysiology and psy¬ 
chology, as well as that between laboratory psychology and the 
problems of the clinic 

The book is written, consequently, with the hope that it will 
be intelligible to the clinician and the physiologist as well as to 
psychologists. The development of psychological tlieory can be 
a cooperative affair, and has often been so in the past, witness 
Helmholtz, Jackson, Pavlov, Fieud. The clinician and the physi¬ 
ologist frequently have direct access to data of fiist importance 
for psychology, sometimes without recognizing the fact. Though 
I have done my best, it may be chimerical to hope that my discus¬ 
sion IS extensive and clear enough to stand on its own feet, foi 
the nonpsychological reader. The reader who needs it will find 
more of the details of psychological theory in Morgan (1943) 
on physiological psychology, Plilgard and Maiquis (1940) on the 
theory of learning, Woodworth (1938) on “experimental” (nor¬ 
mal human adult) psychology, and Moss (1942) or Maici and 
Sclineula (1935) on animal psychology. Of these, Morgan is 
most directly relevant, and m several places I have assumed a 
knowledge of fact to the extent provided by his text. 

It is a pleasure to record my mdebtedness to the colleagues 
who have read and improved the contents of this book, I owe 
much to students in a seminar at Harvard University m the 
summer of 1947, and in another at McGdl University in the 
following winter Part or all of the manuscript was read by Pio- 
fessoi Hallow W. Ades, Professor Frank A Beach, Dr J G. 
Beebe-Center, Professor E. B. MacLeod, Di Francis McNaugh- 
ton, Di G A Miller, Dr KailPiibiam, Professor H. E. Rosvold, 
and Professor R W. Sperry, and their help is gratefully acknowl- 
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edged, I am much indebted to Professor Edwin G Boring, 
Professor George Clark, Professor K, S Lashley, and Dr J C R 
Lickhder for their pamstakmg and detailed criticism of a large 
part of the manuscript, impioving both matter and style My 
greatest debt, perhaps, is to the weekly colloquium and the pei- 
sistent theoretical debate at the Yerkes Laboratories of Primate 
Biology between 1942 and 1947, and to a small group taking 
pait therem who have also read the entire manusciipt and have 
contributed greatly to it-Professoi Heniy W, Nissen, Mi and 
Mrs. Robt Blum, and Dr Austin Riesen This boaid of ciitics 
should also include my wife; and to it, foi the positive contribu¬ 
tions made as well as for some of the changes and deletions 
forced on me, both the reader and I owe much 
Finally I should like to express my giatitude to those who have 
helped with clerical work in the preparation of this book, m its 
various stages, particularly, Alice Selleis, Therese Mahoney, and 
Margaret Halliday. The McGill University Research Fund sup¬ 
ported some of the experimental work that is briefly reported 

here, and also made it possible to secure additional clerical as¬ 
sistance. 

, DO Hebb 

Montreal 

April, 194S 
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Introduction 


It might be aigued that the task of the psychologist, the task 
of understanding behavior and reducing the vagaries of human 
thought to a mechanical process of cause and effect, is a more 
difficult one than that of any other scientist. Certainly the 
pioblem IS enormously complex; and though it could also be 
argued that the progress made by psychology in the century fol- 
lowmg the death of James Mill, with his crude theoiy of asso¬ 
ciation, IS an achievement scarcely less than that of the physical 
sciences in the same period, it is nevertheless true that psycho¬ 
logical theoiy IS still m its mfancy. There is a long way to go 
befoie we can speak of understanding the principles of behavior 
to the degree that we understand the piinciples of chemical 
reaction 

In an undertaking of such difficulty, the psychologist pre¬ 
sumably must seek help wherever he can find it. There have 
been an increasing number of attempts to develop new mathe¬ 
matical methods of analysis. With these, in geneial, I do not 
attempt to deal The method of factor analysis developed by 
Spearman (1927) and greatly elaborated by Thurstone (1935) is 
well established as a powerful tool for handling certain kinds of 
data, though the range of its use has been limited by depend¬ 
ence on tests that can be conveniently given to large groups of 
subjects. Another method is the application of mathematics 
more directly to the mteraction of populations of neurons, by 
Rashevsky, Pitts, Householder, Landahl, McCulloch, and others.** 
Bishop (1946) has discussed the woik from the point of view of 
neurophysiology, and his remarks are fully concurred with here. 
The preliminary studies made with this method so far have been 
obliged to simplify the psychological problem almost out of 

*Two papers by Culbertson {Bull Math Blophtjs, 1948, 10, 31-40 and 
97-102), and Bishop’s review article, hst some of tire more important of 
the actual titles in this field. 
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existence. This is not a criticism, since the attempt is to develop 
methods that can later be extended to deal with more complex 
data; but as matters stand at present one must wait for fuitlier 
results before bemg sure that the attempt will succeed. Un¬ 
doubtedly there is great potential value in such work, and if 
the right set of initial assumptions can be found it will pie- 
sumably become, like factor analysis, a powerful ally of other 
methods of study. 

However, psychology has an intimate relation with the other 
biological sciences, and may also look for help theie Theie is 
a considerable overlap between the problems of psychology and 
those of neurophysiology, hence the possibility (oi necessity) of 
reciprocal assistance. The first object of this book is to present 
a theory of behavior for the consideration of psychologists, but 
another is to seek a common ground with the anatomist, physi¬ 
ologist, and neurologist, to show them how psychological theory 
relates to then problems and at the same time to make it more 
possible foi them to contribute to that theory 

Psychology is no more static than any other science Physi¬ 
ologists and clinicians who wish to get a theoretical orientation 
cannot depend only on the writmgs of Pavlov oi Fieud. These 
were great men, and they have contributed greatly to psycho¬ 
logical thought But their contribution was lathei m formulat¬ 
ing and developing problems than in providing final answers. 
Pavlov himself seems to have thought of his theoiy of condi- 
boned reflexes as something m contmual need of revision, and 
experimental results have contmued to make revisions necessary, 
the theory, that is, is still developing Again, if one were to re¬ 
gard Freud’s theory as needmg change only m its details, the 
mam value of his woik would be stultified. Theorizing at this 
stage IS like skatmg on tliin ice—keep moving, oi drown. Ego, 
Id, and Superego are conceptions that help one to see and state 
important facts of behavior, but they aie also dangerously easy 
to treat as ghostly realities as anthropomoiphic agents that want 
this or disapprove of that, overcoming one another by force oi 
guile, and punishing or being punished Freud has left us the 
task of developmg these provisional formulations of his to the 
point where such a danger no longer exists When theoiy be¬ 
comes static It IS apt to become dogma, and psychological 
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theory has the further danger, as long as so many of its prob¬ 
lems are unresolved, of inviting a i elapse mto the vitalism and 
indeterminism of tiaditional thought. 

It is only too easy, no matter what formal theory of behavior 
one espouses, to enteitain a concealed mysticism m one's think¬ 
ing about tliat large segment of behavior which theoiy does not 
handle adequately To deal with behavioi at present, one must 
oveisimplify. The iisk, on the one hand, is of forgetting that 
one has oveisimplified the problem, one may foiget or even deny 
those inconvenient facts tliat one's theoiy does not subsume. 
On the other hand is the risk of accepting the weak-kneed dis¬ 
couragement of the vitalist, of being content to show that exist¬ 
ing theoiies are imperfect without seeking to impiove them 
We can take foi granted that any theory of behavioi at piesent 
must be inadequate and incomplete But it is never enough to 
say, because we have not yet found out how to i educe behavior 
to the control of the bram, that no one in the futuie will be able 
to do so. 

Modem psychology takes completely foi gi anted that behavior 
and neural function are peifectly coi related, that one is com¬ 
pletely caused by the othei Theie is no sepaiate soul or life- 
force to stick a finger into the biain now and then and make 
neural cells do what they would not otheiwise Actually, of 
course, this is a woikmg assumption only—as long as theie aie 
unexplained aspects of behavioi It is quite conceivable that 
some day the assumption will have to be lejected But it is 
impoitant also to see that we have not leached that day yet 
the woikmg assumption is a necessaiy one, and theie is no leal 
evidence opposed to it Our failure to solve a problem so far 
does not make it insoluble One cannot logically be a detei- 
minist m physics and chemistiy and biology, and a mystic in 
psychology, 

AU one can know about another's feelings and awarenesses is 
an inference from what he does-hom his muscular contractions 
and glandular secretions. These observable events aie detei- 
mined by electiical and chemical events in neive cells If one 
IS to be consistent, theie is no room heie foi a mysleiious agent 
that IS defined as not physical and yet has physical effects 
(especially since many of the entities of physics are known only 
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through their efEects). “Mind” can only he regarded, for scien¬ 
tific purposes, as the activity of the brain, and this should be 
mystery enough foi anyone: besides the appalling number of 
cells (some nine billion, accordmg to Herrick) and even moie 
appalling number of possible connections between them, the 
matter out of which cells are made is being itself reduced by 
the physicist to something quite unlike the inert stick or stone 
with which mmd is traditionally contrasted After all, it is that 
contiast that is at the bottom of the vitalises objection to a 
mechanistic biology, and the contrast has lost its force (Heriick, 
1929) The mystic might well concentrate on the election and 
let behavior alone. A philosophical parallelism or idealism, 
whatever one may think of such conceptions on other giounds, 
is quite consistent with the scientific method, but mteractionism 
seems not to be 

Psychologist and neurophysiologist thus chart the same bay- 
working perhaps from opposite shores, sometunes overlapping 
and duphcatmg one another, but using some of the same fixed 
points and continually with the opportunity of contributing to 
each others results. The problem of understanding behavior is 
the pioblem of understanding the total action of the neivous 
system, and vice versa This has not always been a welcome 
proposition, eithei to psychologist or to physiologist 
A vigorous movement has appeared both in psychology and 
psychiatry to be rid of "physiologizmg,” that is, to stop using 
physiological hypotheses. This point of view has been clearly 
and effectively put by Skinnei (1938), and it does not by any 
means represent a relapse into vitalism The argument is re¬ 
lated to modern positivism, emphasizes a method of coirelating 
observable stimuli with observable response, and, lecogmzing 
that “explanation” is ultimately a statement of relationships be¬ 
tween observed phenomena, proposes to go to the heart of the 
matter and have psychology confine itself to such statements 
now Tins point of view has been criticized by Pratt (1939) 
and Kohlei (1940). The present book is written m pi of ound dis- 
agreement with such a program for psychology. Disagreement 
IS on the grounds that this arises from a misconception of tlie 
scientific method as it operates in the earlier stages. Those an- 
parently naive features of older scientific thought may have had 
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more to do with hitting on fertile assumptions and hypotheses 
than seems necessary in retrospect The anti-physiological po¬ 
sition, thus, in uiging that psychology proceed now as it may be 
able to pioceed when it is moie highly developed, seems to be 
in short a counsel of peifection, disregaiding the limitations of 
the human intellect However, it is logically defensible and 
may yet show by its fertility of results that it is indeed the 
proper approach to achieving prediction and control of behavior. 

If some psychologists jib at the physiologist for a bedfellow, 
many physiologists agree with them heaitily One must sympa¬ 
thize with those who want nothing of the x>sychologisfs hair¬ 
splitting or the indefiniteness of psychological theoiy Theie is 
much more certainty m the study of the electiical activity of a 
well-defined tract m the bram The only question is whether 
a physiology of the human bram as a whole can be achieved 
by such studies alone One can discover the piojieities of its 
vaiious parts more oi less in isolation; but it is a tiuism by now 
that the part may have pioperties that are not evident in isola¬ 
tion, and these are to be discoveied only by study of the whole 
intact brain. The method then calls for learning as much as 
one can about what the paits of the brain do (prunarily the 
physiologist’s field), and relating behavioi as far as possible to 
this knowledge (piimanly foi the psychologist), then seeing 
what further infoimation is to be had about how the total brain 
works, from the discrepancy between (1) actual behavior and 
(2) the behavior that would be predicted from adding up what 
is known about the action of the vaiious parts. 

This does not make the psychologist a physiologist, for pre¬ 
cisely the same reason that the physiologist need not become a 
cytologist or biochemist, though he is intimately concerned with 
the information that cytology and biochemistry provide The 
difiSculties of findmg order in behavioi aie gieat enough to ic- 
quire all one’s attention, and tlie psychologist is inteiested in 
physiology to the extent that it contiibutes to his own task 

The great argument of the positivists who object to 'physiolo- 
gizing” is that physiology has not helped psychological theoiy. 
But, even if this is true (theie is some basis foi denying it), one 
has to add the woids so far. Theie has been a gieat access of 
knowledge in neurophysiology since the twenties. The work of 
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Berger, Dusser de Batenne, and Loiente de No (as examples) 
has a profound effect on the physiological conceptions utilized 
by psychology, and psychology has not yet assimilated these re¬ 
sults fully. 

The central problem with which we must find a way to deal 
can be put in two different ways Psychologically, it is the 
problem of thought* some sort of process that is not fully con¬ 
trolled by enviionmental stimulation and yet cooperates closely 
with that stimulation From another pomt o£ view, physio¬ 
logically, the problem is that of the tiansmission of excitation 
from sensory to motoi cortex This statement may not be as 
much ovei simplified as it seems, especially when one recognizes 
that the '‘transmission” may be a very complex piocess indeed, 
with a considerable time lag between sensoiy stimulation and 
the final motor response The failure of psychology to handle 
thought adequately (oi the failuie of neuiophysiology to tell us 
how to conceive of cortical transmission) has been the essential 
weakness of modem psychological theory and the reason for 
persistent diificulties in dealmg with a wide lange of expeii- 
mental and clinical data, as the following chapters will try to 
show, from the data of peicephon and learning to those of 
hunger, sleep, and neuiosis 

In mammals even as low as the rat it has turned out to be 
impossible to describe behavior as an mteiaction directly be¬ 
tween sensory and motor processes Something like ihinktng^ 
that IS, intervenes “Thought” undoubtedly has the connotation 
of a human degree of complexity m cerebral function and may 
mean too much to be applied to lowei animals But even in 
the rat there is evidence that behavior is not completely con¬ 
trolled by immediate sensoiy events there are central processes 
operating also 

What IS the nature of such relatively autonomous activities in 
the cerebium? Not even a tentative answei is available We 
know a good deal about the afferent pathways to the cortex, 
about the efferent pathways from it, and about many stiuctuies 
Imking the two But the links aie complex, and we know piac- 
tically nothmg about what goes on between the arrival of an 
excitation at a sensory projection area and its later departure 
from the motor aiea of the cortex. Psychology has had to find, 
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in hypothesis, a way of bridging this gap in its physiological 
foundation. In geneial the bridge can be described as some 
comparatively simple formula of coitical tiansmission * The 
paiticular formula chosen mamly detei mines the natuie of the 
psychological theoiy that results, and the need of choosing is 
the majoi source of theoietical schism 

Two kinds of formula have been used, leading at two exti ernes 
to (1) switchboaid theoiy, and senson-motoi connections; and 
(2) field theoiy (Eithei of these terms may be regaided as 
opprobrium, they are not so used heie.) (1) In the fiist type 
of theoiy, at one extreme, cells m the sensoiy system acquire 
connections with cells in the motor system, the function of the 
cortex is that of a telephone exchange Connections iigidly de¬ 
termine what animal or human being does, and their acquisition 
constitutes learning Cuirent foims of the theoiy tend to be 
vaguer than formerly, because of effective criticism of the theoiy 
in its eailier and simplei forms, but the fundamental idea is still 
maintained (2) Theoiy at the opposite extieme denies that 
learning depends on connections at all, and attempts to utilize 
instead the field conception that physics has found so useful 
The coitex is regarded as made up of so many cells that it can 
be treated as a statistically homogeneous medium The sensory 
contxol of motor centcis depends, accoidingly, on the distiibu- 
tion of the sensoiy excitation and on latios of excitation, not on 
locus or the action of any specific cells 

Despite then differences, however, both theoietical appicaches 
seem to imply a piompt tiansmission of sensoiy excitation to the 
motor side, if only by failing to specify that this is not so No 
one, at any late, has made any seiious attempt to elaboiate 
ideas of a central ncuial mechanism to account foi the delay, 
between stimulation and i espouse, that seems so characteristic 
of thought Thcie have indeed been neuial theoiies of “motoi” 
thought, but they amount essentially to a continual interplay of 
propiioception and minimal muscular action, and do not provide 
for any prolonged sequence of mtiaceiebial events as such 

But the lecalcitiant data of animal behavioi have boon diaw- 

* The simplicity iiossibly accounts for the opinion cxpiessed by an anato¬ 
mist who claimed that psychologists think oi the brain as having all the 
finer stiuctuie of a bowKul of poiridge 
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mg attention more and more insistently to the need of some 
better account of central processes This is what Morgan (1943) 
has recognized in saying that “mental” variables, repeatedly 
thrown out because there was no place for them in a stimulus- 
response psychology, repeatedly find their way back in again in 
one form or another. The image has been a forbidden notion 
for twenty yeais, particularly in animal psychology, but the 
fiend was hardly exorcised before “expectancy” had appealed 
instead What is the neural basis of expectancy, oi of attention, 
or mterest? Older theory could use these words freely, for it 
made no serious attempt to avoid an mteractionist philosophy. 
In modern psychology such terms are an embarrassment; they 
cannot be escaped if one is to give a full account of behavior, 
but they still have the smell of animism, and must have, until 
a theory of thought is developed to show how "expectancy” or 
the like can be a physiologically mtelligible process. 

In the chapters that follow this introduction I have tried to 
lay a foundation for such a theory It is, on the one hand and 
from the physiologist’s point of view, quite speculative On the 
other hand, it achieves some synthesis of psychological knowl¬ 
edge, and it attempts to hold as strictly as possible to the psy¬ 
chological evidence m those long stretches where the guidance 
of anatomy and physiology is lacking ' The desideiatum is a 
conceptual tool for dealing with expectancy, attention, and so 
on, and with a temporally organized intiacerebral process But 
this would have little value if it did not also eompiise the mam 
facts of perception, and of learnmg To achieve something of 
the kind, the limitations of a schema are accepted with the pur¬ 
pose of developmg certain conceptions of neural action Tliis 
is attempted in Chapters 4 and 5, Chapters 1 to 3 try to clear 
the ground for tliis undertaking. From Chapter 6 onward the 
conceptions derived from schematizmg are applied to the prob¬ 
lems of learning, volition, emotion, hunger, and so on (In gen¬ 
eral, the reader may regard Chapters 1 to 5 as mainly prepara- 
toty, unless he is particularly interested in the neurological de- 
tails, or in the treatment of perception; to get the gist of the 
theory that is presented here one should read the two following 
paragraphs, and turn directly to Chapter 6 ) In outline, the 
conceptual structure is as follows 
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Any frequently repeated, particulai stimulation will lead to 
the slow development of a “cell-assembly,” a diffuse stiuctuie 
compiising cells in the cortex and diencephalon (and also, ]pei- 
haps, in the basal ganglia of the ceiebxum), capable of acting 
biiefly as a closed system, deliveiing facilitation to othei such 
systems and usually havmg a specific motoi facilitation A senes 
of such events constitutes a “phase sequence”“the thought 
process Each assembly action may be aioused by a pieceding 
assembly, by a sensoiy event, oi—normally—by both The cen¬ 
tral facilitation from one of these activities on the next is the 
prototype of “attention” The theoiy pioposes that m this cen¬ 
tral facilitation, and its vaiied lelationship to sensoiy processes, 
lies the answei to an issue that is made inescapable by Hum- 
phi ey's (1940) penetiatmg leview of the pioblem of the diiec- 
tion of thought 

The kind of coitical organization discussed in the piecedmg 
paragraph is what is legaided as essential to adult waking be¬ 
havior It IS proposed also that theie is an alternate, “intiinsic” 
oiganization, occurring in sleep and in infancy, which consists 
of hypeisynchiony in the filing of coitical cells But besides 
these two forms of coitical oiganization theie may be disorgani¬ 
zation, It IS assumed that the assembly depends completely on 
a veiy delicate timing which might be distuibed by metabolic 
changes as well as by sensoiy events that do not accoid with the 
pie-existent cential piocess When this is tiansient, it is called 
emotional distuibance, when chionic, neuiosis or psychosis 

The theoiy is evidently a foim of connectionism, one of the 
switchboaid vaiiety, though it does not deal in diicct connec¬ 
tions between afieient and efieient pathways not an “S-R” psy¬ 
chology, if R means a muscular lesponse The connections seive 
lathei to establish autonomous cential activities, which then 
aie the basis of fuither learning In accordance with modem 
physiological ideas, the theoiy also utilizes local field processes 
and giadients, following the lead particulai ly of Mai shall and 
Talbot (1942) It docs not, further, make any single neive cell 
01 pathway essential to any habit oi peiception Modem jDhysi- 
ology has piesented psychology with new oppoitimitics foi the 
synthesis of divergent theoiies and pieviously um elated data, 
and it IS my intent to take such advantage of these oppoituni- 
ties as I can 
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This book presents a theoiy of behavior that is based as far 
as possible on the physiology of the nervous system, and makes 
a sedulous attempt to find some community of neuiological and 
psychological conceptions. 

The puipose of this fiist chaptei is to define tlie majoi diffi¬ 
culties in the way of such an undertaking and to show how 
these difficulties determine the line it must take The gieat 
need, as I have tiied to make clear m the Inboduction, is foi a 
physiological theory of thought (oi some equivalent teim that 
can be applied to animals as well as to man). 

Let us look first at the specific problem fiom which the piesent 
speculations began, to see why the discussion is oiiented as it is 
The problem lay in ceitain puzzling effects of opeiation on 
the human brain The effect of a cleaicut icmoval of coitex 
outside the speech aiea is often astonishingly small, at times no 
effect whatever can be found (Hebb, 1942a, 1945h) It is pos¬ 
sible that theie is always a loss of intelligence in aphasia, when 
the “speech area” is seriously damaged, but this does not, of 
course, explain why damage elsewhere should have no effect 
It would be unreasonable to suppose that most of the coitex has 
nothing to do with intelligence, and there are in fact definite 
indications that this is not true. Intelligence must be affected 
by any large hi am injury-yet sometimes it seems not to be 
A final touch is added to the puzzle when we find that it is 
tests of the Binet type that least show the effect of injuiics out¬ 
side the speech area The Binet is the measuie of intelligence 
that IS most sensitive and accurate with noimal subjects How 
can it be possible for a man to have an IQ of 160 oi higher, 

I 
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after a prefrontal lobe has been removed (Hebb, 1939), or for 
a woman (described by Rowe, 1937) to have an IQ of 115, a 
better score than two-tlnrds of the normal population could 
make, after losing the entue right half of the coitex? 

Those two aie peihaps the most staking cases, but high scores 
after biain operation have been reported by nearly everyone 
who has used standard tests as a method of study, and they 
have to be explained. Most investigators have piefeiied to 
forget them, and to search only for intellectual defects. The 
defects certainly must exist, and it is important to And them, 
but it IS just as important to learn why Binet-type tests, the most 
valid and sensitive indices of normal ability, should often show 
no effect of injury to the brain 

The only explanation that has been proposed, and perhaps the 
only feasible one, has to do with peiceptual learning and with 
concepts as distmct from conditioned responses or motor learn¬ 
ing (Hebb, 1942a) The explanation, roughly, is this The level 
of mtelligence-test performance is a function of the concepts a 
patient has aheady developed Once developed, a concept is 
letamed, despite bram damage that, if it had occuned eailier, 
would have pi evented the development. The patient with biam 
injury at maturity may contmue to think and solve problems 
normally (in familiar fields), although his intelligence would 
have been far from normal if a similar injury had happened at 
birth The explanation meets the clinical facts and, moieovei, 
IS supported by the way in which some intellectual capacities aie 
retamed in old age when others aie disappearing 
But now we come to the crux of the matter As an explana¬ 
tion, this IS only a good start What is a concept, physiologi¬ 
cally and d propos of the loss of neural cells? Though it has 
been tried before now, an explanation cannot be half neural 
anatomy and half consciousness They are different levels in a 
iopcal hierarchy. A problem recognized at one level can be 
solved by recourse to a more fundamental set of conceptions, 
but an hypothesis cannot well compnse two levels, take in two 
universes of discourse at the same time. We want to explain 
certain clinical facts. To really do so, we must find an ana¬ 
tomical and physiological understanding of what is known psy- 
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chologically as a concept, and we must be able to deal with its 
relation to perception and to learning 

And with that, we land light in the middle of the generalized 
problem of explaming mammalian behavior What is a con¬ 
cept, if it IS not a conditioned i espouse? What is peiceptual 
learning? And so on Befoie such questions can be answered, 
psychological theoiy must have a new base of operations As 
an illustration, a paiticulai problem has been cited, but the diffi¬ 
culty is really geneial, as the following section will tiy to show, 
and there is no phase of psychological theory in which the same 
central weakness does not appear. 

It has already been suggested that the essential need is to find 
out how to handle thought, and related piocesses, moie ade¬ 
quately The difficulty in doing so goes back to fundamental 
assumptions If this discussion is to rest on solid ground, it 
must start with certain ideas with which every psychologist is 
conceined but which have been confused, vague, or ill defined 

This first chapter, accordingly, will dot some is and cioss 
some fs, so that we can get down to business in what follows 
Theie are two fundamental assumptions to be dealt with One 
of them must be rejected, one accepted The lest of this chapter 
will show how they deteimine a point of attack foi the revision 
of theoiy 

REJECTING THE ASSUMPTION OF A COMPLETE 
SENSORY CONTROL 

The first to be discussed is what can be called the assumption 
of a sensoiy dominance of behavioi. It is the idea that be¬ 
havior IS a series of reactions (instead of actions), each of: which 
IS determined by the immediately pieceding events in the sen¬ 
sory systems The idea is not altogether consistent with lecog- 
nizing the existence of set, attitude, or attention, and an implicit 
inconsistency of this sort is at the root of the current confusion 
in psychological theoiy 

It may be noted in passing that the assumption of a sensory 
dommance of behavior is not the piopeity of any jparticular 
theory Theories difier as to how a sensoiy event has its effect, 
but not as to its all-impoitant lole Gestalt psychology avoids. 
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words liie "stimulus" and "sensation" but as a system is not less 
preoccupied with stimulus configurations tlian othei systems are 

with their stimuli (p. 23). 

Now for the source of confusion. 

In the simplest teims, "attention” refeis to a selectivity of 
response Man or animal is continuously responding to some 
events in the enviioiiment, and not to othei s that could be re¬ 
sponded to (or “noticed”) just as well. When an expeiimental 
result makes it necessary to refer to "set” or "attention” the lef- 
erence means, precisely, that the activity that contiols the form, 
speed, strength, oi duiation of response is not the immediately 
preceding excitation of receptor cells alone The fact that a 
response is not so controlled may be hard to explain, theo¬ 
retically; but it IS not mystical, and “attention” is not necessarily 
anthropomorphic, or animistic, oi undefinable. 

Now the tradition in psychology has long been a scaich for 
the property of the stimulus which by itself deteimines the 
ensuing response, at any given stage of learning This approach 
seems partly a consequence of psychology’s peisistent fight 
against animism* and deseives respect for that leason, but it 
IS no longer satisfactory as theory Almost without exception 
psychologists have lecognized the existence of the selective cen¬ 
tral factor that reinforces now one response, now another The 
problem is to carry out to its logical conclusion an incomplete 
Ime of thought that staits out preoccupied with stimulus or 
stimulus configuration as the source and control of action, even¬ 
tually luns mto the facts of attention and so on, and then simply 

* And partly, as we shall see, the product of antiquated physiological con¬ 
ceptions Fighting animism meant that psychological phenomena had to be 
reduced to a pattern of cause and effect The only means at hand was a 
physiology of tlie nervous system in which a knowledge of sense oigans and 
peripheral nerve was tlie mam content As a result, it is still easy to feel 
that psycliology becomes part of a larger demonology with any letreat from 
the stimulus-response formula As for ^hnsight,^* “’purpose,” “attention”— 
any one of tliese may still be an invocation of the devil, to the occasional 
psychologist However, this attitude should not be loo much made fun of 
It cannot be emphasized too strongly that there is continual danger of slip¬ 
ping momentarily mto animistic tliinking, and consistent use of the S-R for¬ 
mula does at least avoid tliat danger effectively It behooves those of us 
who wish to use other terms to see that they are clearly defined 
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agrees that attention is an important fact, without recognizing 
that this IS inconsistent with one's eaihei assumptions To com¬ 
plete this piocess, we must go back and make a change in the 
basis of the theory 

There aie thiee points here; one is that psychologists have 
geneially lecognized the existence of attention oi the like, an- 
othei that they have done so reluctantly and spaungly, and 
have nevei lecogmzed the fact in setting up thcoiies The thud 
point IS obvious enough, that we need to find some way of deal¬ 
ing with the facts consistently Since eveiyone knows that at¬ 
tention and set exist, we had better get the skeleton out of the 
closet and see what can be done with it 

The first two of these points have been pietty clearly estab¬ 
lished by Gibson (1941) His review needs some claiification 
in one respect, since he declined to attempt any definition of 
‘‘set” or any other of the long list of terms with a similai mean¬ 
ing that he gathered together, although he evidently recognized, 
in classifying them so, that they have something in common 
This common meaning has alicady been defined When one 
consideis the pioblem in the light of the implicit assumption of 
a sensory dominance of behavior it becomes clcai at once that 
the notions of set, attention, attitude, expectancy, hypothesis, in¬ 
tention, vectoi, need, peiseveiation, and pieoccupalion (Gibson, 
1941, pp* 781-782) have a common element, and one only 
That element is the recognition that responses aie deteimined 
by something else besides the immediately pieceding sensoiy 
stimulation It does not deny the impoitance of the immediate 
stimulus, it does deny that sensory stimulation is eveiything m 
behavior 

All such terms, then, are a refeience to the "central piocess 
which seems relatively independent of afierent stimuli,” defined 
by Hilgard and Marquis (1940), which I shall call heie the 
autonomous cential process Gibson's leview shows in efiect 
that the process is ubiquitous, that it crops up in every sort of 
psychological investigation—and that almost everyone has lecog- 
nized its existence, in one foim oi another To Gibsons list 
can be added Pavlov’s (1928) and Hull's (1943) stimulus tiace— 
a lasting cerebial state, set up it is tiue by a specific stimulus 
but not transmitted and dissipated at once, Beach's (1942) cen- 
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tral excitatory mechamstn, Morgan’s (1943) central motive state, 
and Kleitman’s (1939) “mterest”-a factor in wakefulness. All 
these things have the same pioperty of an activity that has a 
selective effect on behavior without being pait of the present 
affeient excitation 

Everyone has had such ideas about the control of behavior; 
and yet, as Gibson noted, ''The meaning [of the teim '‘set”] is 
felt to be unsatisfactory, and the concept is employed reluctantly 
and only because the facts make it absolutely unavoidable.” 
The reluctance is paitly no doubt because of a feeling that the 
concept IS animistic, in some obscuie way But why animism, 
if the facts of hehavioi make it unavoidable? The trouble leally 
seems to have been in finding how to make an essential idea 
intelligible, 

Hilgard and Marquis' cential piocess, and Beach's central 
excitatoiy mechanism, aie hypothetical entities, but they cer- 
tamly have no flavor of animism about them. "Attention” and 
"set” are now seen to fall in the same class, it may well be that 
their connotations are misleading and that we shall have to look 
for new teims, but the idea itself is lespectable, and such lan¬ 
guage need no longer risk staiting a witchhunt 

TEE mUROWQlCAL TROBLEM OF ATTENTION 

There is a further hazard on the course, This is the appaient 
lack of a theoretical rationale foi the autonomous cential piocess. 
Actually, modern neurophysiology has already icmoved this 
diflSculty. 

Here again the situation can only be understood historically 
A mam function of the neural cell is of course to transmit exci¬ 
tations, and earlier ideas of anatomy and physiology made the 
central nervous system appear, in principle, a collection of 
routes, some longer, some shorter, leading without reversal from 
receptors to effectors—a mass of conductors that lies inactive 
until a sense organ is excited, and then conducts the excitation 
promptly to some muscle oi gland. We know now that this is 
not so, but the older idea still has a profound effect on psycho¬ 
logical thought—demonstrated, for example, in the assumption 
of sensory dominance, discussed above 
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The lack of a rationale for nonsensory influences on behavior 
that seemed to exist in 1920 certainly exists no more Psycholo¬ 
gists have long had to recognize (smce the days of the Wurzburg 
school at least) the existence of a detcrminmg tendency, whether 
physiology made it comprehensible oi not. Modem electio- 
physiology has moie than caught up with psychology and now 
provides abundant evidence to suppoit the same idea When 
the detailed evidence of neuiophysiology and histology is con- 
sideied, the conclusion becomes mevitable that the nonsensory 
factor in cerebral action must be more consistently piesent and 
of more dommatmg importance than reluctant psychological 
theory has evei recognized. Instead of a jokei to occasionally 
confuse the student of behavior, nonsensoiy activities appear 
m eveiy fall of the cards and must make up a laige share of 
the deck. Neurophysiologically, it may even become a pioblem 
to account for any consistent effect of a specific stimulus (pp. 
121, 126). 

(Electrophysmiogy of the cential nervous system indicates in 
brief that the bi am is continuously active, in all its paits, and 
an afferent excitation must be supei imposed on an alieady 
existen^ excita tion It is theiefore impossible that the conse¬ 
quence of a sensoiy event should often be uninfluenced by the 
pre-existent activity. If we recognize in that activity the psy¬ 
chologically known factor of set and the like (as Denny-Biown, 
1932, suggested some time ago), the problem foi psychology is 
no longer to account for the existence of set but to find out how 
it acts and above all to leain how it has the propeity of a con¬ 
sistent, selective action instead of producing the random-euor 
distribution postulated by Hull (1943) m Ins “oscillation piin- 
ciple” 

/So there leally is a lational basis for postulating a central 
neuial factor that modifies the action of a stimulus. The theo¬ 
retical problem now is to discover the rules by which it oper- 
At first glance this is a problem foi the neurophysiologist 
only^But look closer, much of the evidence, fiom which these 
rules must be woiked out, is psychological, oi behavioial The 
problem is after all the pioblem of attention, and seen best in 
the activity of the whole animal It is in the highest clegiee 
unlikely that it can be solved either from the physiological evi- 
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dence alone or from the behavioral evidence alone What we 
need, evidently, is some synthesis of both kinds of datum. The 
psychological data have been reviewed briefly (for a fuller ac¬ 
count, see Hilgard and Marquis, 1940, Gibson, 1941, Morgan, 
1943—under such headings as attitude, expectancy, and set). 
Let us turn now, agam briefly, to the anatomical and physio¬ 
logical evidence that has made a drastic change in the theo¬ 
retical problems of behavior 

For our purposes, the physiological evidence can be treated 
under two heads, as bearing on (1) the existence and properties 
of a continuous cerebral activity, and (2) the nature of synaptic 
transmission in the central nervous system 


1. The studies reviewed by Jasper (1937), beginning with 
Beiger s woik and its confirmation by Adnan, have shown with 
practical ceitamty that the central nervous system is contmu- 
ously active, m all its parts, whether exposed to afferent stimula¬ 
tion or not. It appears that the EEG, or electroencephalogram, 
must be at least m part a summation of action potentials, an 
index of actual cellulai flrmg. Theie aie changes of cell poten¬ 
tial without active transmission of impulses (Gibbs, 1945), and it 
is quite possible that these aie the source of much of the EEG. 
However, there is a consideiable body of evidence to show that 
neural tissue is persistently active; and presumably the EEG 
includes a record of that activity It is taken here as a working 
assumption that the EEG is correlated with neural /inng—that 
large potentials indicate a local synchrony of firing, even though 
other factors contribute to the size of the potential The psy¬ 
chological usefulness of this assumption will peihaps become 
evident in the followmg chapters 

The evidence conceinmg persistent activity consists fiist of a 
number of studies showmg directly that the neural cell flies 
spontaneously, i e , under no stimulation except that of the nu- 
bathing it (Fessard, cited by Jasper, 1937, Prosser, 
iQQo’ ^37a, 1937h, Bionk, 1939, Duhner and Geiard, 

1939, Libet and Gerard, 1939). Secondly, a very impoitant 
paper for the theory of behavior, by Weiss (1941fl), repoits 
spontaneous, almost mcessant motoi activity in a transplanted 
amphibian limb mnervated from a pool without afieient fibeis 
The activity of the limb was not iioimally cooidinated, which 
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agrees with the general idea that sensory activity is essential to 
the regulation of central neural firing but not essential to initiat¬ 
ing it, Finally, the woik of Adrian and his collaboiatois: Adiian 
and Matthews (1934) rejected the earlier opinion of Adrian 
(1931) and Adrian and Buytendijk (1931), and concluded defi¬ 
nitely that the EEG is the summation of single sharp potentials, 
the result of actual cellular filing They concluded fuithei that 
the activity is not necessarily maintained by sensoiy activity. 
Elsewhere Adrian (1934, p 1126) has stated his general con¬ 
clusions. ''There are cell mechanisms in the biam which aie set 
so that a periodic discharge is bound to take place. The mo¬ 
ment at which it occurs can be greatly altered by afferent in¬ 
fluences, but it cannot be postponed indefinitely'' 

Seveial comments may be made on these conclusions. Spon¬ 
taneity of filing by central neuial cells is not philosophic inde¬ 
terminacy, as some wiiteis have thought, the “spontaneity” 
means only that synaptic stimulation is not the sole cause of 
firing As Adrian pomted out, also, the cell that is capable of 

'■ 'b IS also open to synaptic control If it is left 
• 1 'I p« ‘cesses of metabolism will lead in the end to ! 

firing, but obviously an afferent stimulation could always catch 
the cell in the period between the absolute refiactoiy state and 
the time of spontaneous discharge With a frequent airival of 
impulses at the synapse, theiefoie, the cell can nevei leach the 
point of spontaneous action but must remain ,under affeient 
control. 

A very interesting relationship exists between sensory activity, 
EEG, and coordinated, adaptive behavior (or “conscious state”). 
There is, in the first place, Adiian and Matthews' observation 
that sensoiy processes, instead of supporting synchronous, 
rhythmic firing and large potentials in the EEG, have the op¬ 
posite effect They mtroduce inegulaiity and flattening of the 
electrical lecoid In the second place, large potentials, oi 
“hypersynchrony,” negate or may negate noimal function (Jas¬ 
per, 1941) That is, sensory activity breaks up hypeisynchrony 
and makes for normal, coordinated, adaptive activity Bailley 
and Bishop (1933) and Adrian and Matthews have even pro¬ 
posed that anesthetics produce “unconsciousness” by suppiessing 
sensoiy activity rather than acting diiectly on the ccicbium 
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itself. It does seem clear from the facts discussed, from the 
large potentials obseived m sleep, and from the hypnotic effect 
of minimizing the normal variation of sensoiy activity, that the 
sensory input to the brain has a constantly necessaiy function, 
for adaptive behavior. We shall return to this point later 
(p 145) Foi the present, it has been advisable to point out 
lhat recognizing the existence of spontaneous neural activity is 
neithei indetermmacy noi a denial of the impoitance of sensory 
processes in noimal behavior 

^ 2 (The nature of synaptic transmission in the central nervous 

system is also of fundamental importance for the theoiy of be- 
havioi. There are two radical modifications of eailier ideas' 
transmission is not simply lineai but apparently always involves 
some closed or recunent circuits; and a single impulse cannot 
ordinarily cross a synapse—two or more must act simultane¬ 
ously, and two or more affeient fibeis must therefoie be active 
in order to excite a third to which they lead 

The concepts of neuial action chiefly developed by Lorente 
de N6 (1938^, 1938&, 1939, 1943) aie well enough known by 
now to need no elaborate review, It is necessaiy, however, to 
point out that they have revolutionaiy implications foi psycho¬ 
logical theory. 

In particular, the psychological ciiticism advanced by Koffka 
(1924), Lasliley (1929fc, 1930), and Kdhlei (1929), against the 
theory of neural connections as the basis of learning, applies 
only to the older theoiy of linear, sensoii-motoi connections, m 
which a single cell was supposed to be always capable of excit¬ 
ing a second cell with which it synapsed. The ciiticism is effec¬ 
tive against the idea that synaptic lesislances are all that deter- 
mmes the direction of transmission at the synapse A radical 
change in the whole problem, however, has been made by con¬ 
siderations of timing in tiansmission (Gassei, 1937) and by the 
‘ '' " 1' ’ ■; > “ » ' ente de N6, 1939). 

^ ' I ' ' I I • V - i’ set of connections be- 

tween neurons m the system, the duection in which an entering 
excrtatmn will be conducted may be completely dependent on 
t 6 timing of other excitations Connections are necessaiy but 
may not be decisive in themselves, in a complex system, espe- 
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c ially, time factois must always influence the direction of con' 
ducbon. The older ideas of neuial tiansmission gave synaptic 
connections too much rigidity, as a deteiminant of behavioi 
The rigidity has now disappeared, the idea of connections can 
again be useful in psychological theoiy, and the question of 
"synaptic resistances” is completely reopened. 

Let me now summaiize what has been said, in this and the 
preceding section, about attention, set, altitude, and so on. (1) 
All psychologists have lecognized some such factoi in be¬ 
havior, It undoubtedly exists. (2) Recognizing it is leally a 
denial tliat behavioi is only a series of responses to environ¬ 
mental stimulation j^One important meaning of “attention” or 
the lihe is the r efer ence to a partly autonomous, or nonsensoiy, 
cerebral activity the "autonomous central process.” (3) The 
problem for psychology then is to find conceptions for dealing 
with such complexities of cential neural action conceptions 
that will be valid physiologically and at the same time "molar” 
enough to be useful in the analysis of behavior. (4) Psychology 
IS still profoundly influenced by the very “molecular” conception 
of linear tiansmission tluough a sequence of single cells The 
conception is no longer valid physiologically, just as it has long 
been without psychological usefulness The attack on neural 
connections as an explanation of behavior was really an attack 
on this paiticular conception of the way connections operate, 
modern neuioanatomy and electrophysiology have changed the 
question completely, and the significance of synaptic connec¬ 
tions must be examined all over again 

Our problem, then, is to find valid “molar” conceptions of 
neural action (conceptions, ie,, that can be applied to laige- 
scale cortical organizations) Bishop (1946, p 370) has made 
the pomt, in another context, that this is an essential problem 
for neurophysiology also But psychologists can hardly sit 
around with hands folded, waiting for the physiologist to solve 
it In its essence the problem is psychological and lequues a 
knowledge of the psychological as well as the physiological evi¬ 
dence for its solution 
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PERCEPTUAL GENERALIZATION AND THE ASSUMP^ 
TION OF A STRUCTURAL MEMORY TRACE 

Now for a second fundamental assumption of psychological 
theory this time, one that must, it seems, be accepted, but in 
accepting it we must also recognize the difficulties it entails 
and piovide foi them. These difficulties in fact deteiinine the 
mam features of the theory presented in this monograph 

The assumption we must accept is that the memoiy trace, the 
basis of learning, is in some way stimctural and static; and the 
difficulties in the way of making the assumption aie mainly m 
the facts of peiceptual geneialization that have been emphasized 
by Gestalt psychologists (Kofika, 1935, Kohlei, 1929, 1940) and 
Lashley (1938h, 1942a). The pioblem raised by these wnteis 
IS ciucial and must be disposed of befoie we touch anything 
else. 

Lashley has concluded that a learned discrimination is not 
based on the excitation of any paiticulai neuial cells It is sup¬ 
posed to be determined solely by the pattern, oi shape, of the 
sensoiy excitation. Kohlei, also stressing the apparent fact that 
the pattern and not the locus of stimulation is the impoitant 
thing, has developed a theoiy of electrical fields in the biain 
which control cerebial action Like Lashley, he explicitly de¬ 
nies that the same cells need be excited to arouse the same 
peiception. 

This suggests that the mnemonic tiace, the neuial change 
that is induced by experience and constitutes “memoiy,” is not 
a change of structure Othei facts, at the same time, arc an 
even stiongei argument that it mvst be structural A stiuctural 
ti'ace, as we shall see in a moment, must be assumed, but when 
we do so we have to find some way of fitting in the facts of 
perception. 

fi t it is really un impoitant in what tissues a sensory excitation 
tal ces p lace, finds it hard to understand how repeated sen¬ 
sations can reinforce one another, with the lasting effect we call 
l earning or memory. It might be supposed that the mnemonic 
trace is a lasting pattern of reverberatory activity without fixed 
locus, like some cloud formations oi an eddy m a millpond But 
if so it seems that the multitudinous traces in the small confines 
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of the cerebial coitex would inteifere with one anothei, pi educ¬ 
ing a much gi eater distortion of early memories by later ones 
than actually occurs 

Moreovei, violent coitical storms can occui (as in grand mal 
epilepsy or cerebial concussion) without a detectable eSect on 
earlier memories That the trace should be puiely '‘dynamic”— 
a pattern of activity not dependent on stiuctuial changes for its 
pelmanence—thus seems in the highest degiee unlikely No one 
has explicitly made such an assumption, yet how otheiwise aie 
the known piopeities of a learned disci imination to be accounted 
foi, with its inevitable tendency to be generalized beyond what 
has already been expeiienced by the animal—its appaient inde¬ 
pendence of excitation in specific cells^ 

In addition to the facts of peiceptual geneialization, two 
other foims of evidence might make it difficult to postulate a 
stiuctuial trace as the basis of memoiy. One is fiom Lashley’s 
(1929a) extupation experiments, showing that the lemoval of 
blocks of the laTs cerebial coitex does not affect habits selec¬ 
tively. If one habit is affected, otheis aie also From this, 
Lashley has concluded that memoiy tiaces aie not localized in 
the cerebial cortex, but himself has pointed out (Lashley, 1929b) 
another possible inteipietation His evidence is consistent with 
the idea that the trace is stiuctuial but diffuse, involving, that 
IS, a laige number of cells widely spaced in the coitex, physio¬ 
logically but not anatomically unified This is not, conse¬ 
quently, ciucial evidence foi oi against the notion of stiuctuial 
tiaccs in the coitex. 

The other evidence that seemed once to pi event postulating 
a stiuctuial tiace is found in the woik of Wulf (cited by Koffka, 
1935) and latei investigatois who have inteipietcd then studies 
of human memoiy foi patterns to mean that the tiace is spon¬ 
taneously active, and does not he doimant or meiely deteiioiate 
with the passage of time. Hanawalt (1937), howevei, effec¬ 
tively ciiticized the earlier evidence foi this idea, and Hebb 
and Fooid (1945), having obtained data inconsistent with 
Wulfs hypothesis, le-cxammed the latci woik that managed to 
avoid Hanawalfs ciiticism They have shown that theic is no 
evidence to even faintly suppoit the idea of slow, spontaneous 
changes in the tiace This conception must be abandoned 
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Thus the only barrier to assuming that a structural change in 
specific neural cells is the basis of memory lies m the generaliza¬ 
tion of the perception of patterns. Man sees a square as a 
square, whatever its size, and in almost any setting A rat 
trained to look for food behmd a horizontal rectangle will there- 



Figube 1 Illustrating geneialization in perception A rat is first trained 
with the two diagrams at the top, in tlie left half of the figiue, until he 
always avoids die vertical bar and chooses tlie horizontal He is then tested 
witli the next pair of diagiams, the hoiizontally and veiUcally aiianged 
squares, and witli the next pair, cucles side by side versus circles one above 
the other Transfer of response occurs, the lat in each case prefeiring the 
horizontal diagram, showing diat perception of horizontal and veitical is 
generalized beyond any particular pattern Similarly, after tiaining with 
the large plam triangles, top right, the animal is tested with smaller triangles 
and with circumscribed triangles If the erect triangle, the one to tlie left, 
IS positive in training, the rat will choose tlie left-hand diagram when pre¬ 
sented witli eitlier of the two lower pairs, again demonstniting perceptual 

generalization 

after choose almost any horizontal figure, such as an inteii'upted 
Ime or a pair of circles side by side (figure 1). Trained to 
choose a solid upright triangle and to avoid an inverted triangle, 
he will discriminate consistently between outlines of triangles, 
triangles with confusing figures added (such as circumsciibing 
circles), and triangles of different size, which cannot thus excite 
the same retinal cells simultaneously (Lashley, 1938b). Rats 
reared m darkness, then trained in the same way, show the 
same perceptual generalizations (Hebb, 1937a), 
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These aie concrete, undisputed facts of behavior. They have 
been interpreted as meaning that peiception is independent of 
the locus of excitation, and this interpretation has been tacitly 
accepted as inescapable The result is an awkward dilemma foi 
theoiy, since, as we have seen, it is haid to reconcile an un- 
localized afferent process with a structural (and hence localized) 
mnemonic tiace 

Laslileys (1942a) hypothesis of inteiference patterns is the 
one explicit attempt to solve this difficulty and to deal ade¬ 
quately with both perception and learnmg. As such it deserves 
special mention here, although we shall see that ni other re¬ 
spects it faces great difficulties 

Other writers have had to choose one horn of the dilemma 
Kohler (1940), for example, staits out with the facts of per¬ 
ceptual generalization, in his theory of cerebral fields of force, 
and then cannot deal with learnmg He has no appaient way 
of avoiding a fatal difficulty about the nature of the trace, its 
locus and structure This is another aspect of the difficulty foi 
Gestalt theory raised by Boring (1933), who pointed out that 
at some point the perceptual process must act on specffic cells 
in order to determine a specific response 

The theoiy elaborated by Hull (1943), on the other hand, is 
to be regarded as providing first of all for the stability of learn¬ 
ing It then has persistent difficulty with peiception The prin¬ 
ciple of “afferent neural interaction' appeals to be a concession 
extorted by the facts of perceptual generalization With this, 
there is some danger that the entire system may lose its mean¬ 
ing The great value of Hull's theoiy is m showing how one 
may conceive of variable behavior as deteimuied by constant 
causal relationships between stimulus, inteivenmg variables, and 
lesponse This is brilliantly achieved, for an impoitant segment 
of behavior But then the postulate of afferent neural interac¬ 
tion adds that anything may happen when two sensory events 
occur at the same time—which of course they are always doing 
Evidently no prediction is possible until the limits, and the de¬ 
terminants, of afferent neuial interaction can be given in detail 
This it seems demands that the neurological lefcience, already 
present in the theory, be made explicit, and detailed For our 
present purposes, at any rate, Hull must be regarded as not 
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yet having solved the problem of dealing with the perceptual 
process in a theory of learning, although it remains possible that 
his program (Hull, 1945) will do so in the future. 

THE MODE OF ATTACK 

How are we to provide for perceptual generalization and the 
stability of memory, in teims of what the neuron does and what 
happens at the synapse? We must suppose that the mnemonic 
trace is a structuial change, the difficulty, in supposing it, is a 
conflict with the idea that only the pattern, and not the locus 
of sensory stimulation, is important in perception, so let us 
begin by asking whether that idea is, after all, securely estab¬ 
lished. 

That paragraph puts the theoretical approach of this mono¬ 
graph I propose to go over the evidence on perception again 
and show that it is not what it seems We do not know that 
pattern is everythmg, locus nothing Next, an alternative set 
of ideas about perception will be developed, According to 
these ideas, perception does depend on exciting specific parts 
of the receptor surface, mnemonic trace and perceptual gener¬ 
alization need no longer be at odds with one another, and a 
physiological meaning of attention (or set, or expectancy) 
shows up 

Now let us see, in the following two chapters, what levisions 
can be made in current ideas about perception so that they can 
be extended into a more general theory The reader will ob¬ 
serve that the discussion deals almost entirely with visual per¬ 
ception This IS not because vision has any unique significance, 
but because it is in visual perception, with few exceptions, that 
the problem of patterning and form has been studied experi¬ 
mentally It can be assumed that perception in other sense 
modes does not depend on fundamentally different principles. 




Summation and Learning 
in Perception 


This chapter begins a levision of peiceptual theory * The 
immediate objective is to show that “simple” perceptions are in 
fact complex that they aie additive, that they depend partly on 
motoi activity, and that then appaient simplicity is only the end 
result of a long learning process 
The pieceding pages have tiied to show that the crucial 
pioblem of peiceplion must be dealt with explicitly at the very 
beginning of a psychological theoiy, and that one has the choice 
of two appioaches to this pioblem. One must decide whethei 
peiception is to depend (1) on the excitation of specific cells oi 
(2) on a paltern of excitation whose locus is unimpoitant Cur- 
lent opinion seems tacitly to have accepted the Gestalt argu¬ 
ment (and Lashley’s argument) that the only tenable assump¬ 
tion IS the second of these possibilities 
The theory to be piesented heie is diametrically opposed to 
this aspect of Gestalt theoiy, and is based on assumption 1, that 
a paiticulai peiception depends on the excitation of paiticulai 
cells at some point in the cential neivous system Now the 
Gestalt aigument depends, I believe, on anothei assumption 
that when one perceives a simple figuie (such as square or 
circle) one perceives it directly as a distinctive whole, without 
need of any learning process and not thiough a piior lecogni- 

* Tins and the following chapter may be disregarded by the leader who 
IS not particularly interested in the theoiy of perception These two chap¬ 
ters are in a sense preventive The theoiy of behavioi presented latcn 
would appear impossible to the readei who is familiar with the ourient lit- 
eratme on perception if he had not been shown that the alternative (and 
at first sight preferable) approach of “field theory” or “cquipoLentiahty” has 
very serious difficulties indeed—more senous tlian has been recognized 

17 
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tton of the several paits of the figure If one makes this assump- 
tion-if the perception of a square is as simple and immediate 
as it seems to us as adults-I believe that the Gestalt argu¬ 
ment is unanswerable. But if on the olhei hand the peiception 
IS additive, a serial leconstinotion (though veiy lapid and 
“unconscious” for the normal adult), the theoietical pioblem 
would be very much changed. 

In this chapter, accordmgly, an attempt is made to show that 
quite simple diagrams are not perceived directly as distinctive 
wholes—that, though the stimulus has a unitaiy action in the 
figure-ground relationship, the perception of identity depends 
on a series of excitations from the parts of the stimulating dia¬ 
gram If this can be established, it will remove the necessity of 
accepting field theory, and the following chapter will then at¬ 
tempt to show that field theory actually is not consistent with 
some of the facts of perception 

The work of Senden (1932) and of Riesen (1947) is funda¬ 
mental to my argument here. Senden’s monograph is a compi¬ 
lation of all published reports on the vision of the congenitally 
blind given sight by a suigical operation after the patient was 
old enough to talk to the exammei and describe what he saw. 
In some respects the data are incomplete, but the report is re¬ 
peatedly referred to here because it contains the only existent 
evidence concerning the course taken by the early development 
of human perception. At first sight, some of the reported facts 
^re literally almost mcredible, since they differ so much from 
what would be predicted by current theory (either of peiception 
or of learning) There is, however, a considerable unanimity 
among the writers reviewed by Senden, some of whom evidently 
were not aware of the reports made by others, and the work of 
Riesen (1947), who reared chimpanzees in darkness to an age 
when the normal chimpanzee makes an eflfective use of vision, 
fully confirms Senden's clinical evidence. 

The two reports, by Senden and Riesen, are complementary, 
and, though many details are not cleai, the human and chim¬ 
panzee data taken together seem to require ladical changes in 
the theory of perception and of learning 
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DISTINCTION OF 'PRIMITIVE UNITT FROM OTHER 
PROPERTIES OF THE PERCEIVED FIGURE 

As a preliminary, certain terms must be defined I want to 
show that simple figures do not always act as wholes, innately. 
But it IS undoubtedly tiue that they sometimes do so in one re- 
spect—in the figuie-giound lelationship so this piopeity of a 
peiceived figure is to be distinguished from otheis, in which 
summation and learning are impoitant Accoidingly, the fol¬ 
lowing are distmguished the conceptions of (1) a piimitive, 
sensorily determined unity, (2) a nonsensory unity, affected by 
experience, and (3) the identity (also affected by expeiience), 
of a peiceived figuie. 

The pnmitive unity of a figure is defined heie as refeiring to 
that unity and segregation fiom the backgiound which seems to 
be a direct product of the pattern of sensory excitation and the 
inherited characteiistics of the neivous system on which it acts 

Rubin (1921) elaborated the conception of the figui e-ground 
relationship, in a study of visual peiception of patterns with 
clearly marked boundaiies In oi der to elucidate the relation of 
figuie to ground (the relation of the perceived object or surface 
to other objects and surfaces which make up the backgiound) 
he put particular stress on ‘"ambiguous'' figuies (figure 2) This 
is the special case in which either of two parts of a diagram may 
be seen as figure, each alternating as pait of the ground when 
the othei is figure The pimciples he established, howevei, aie 
most fully operative in the unambiguous figuie, made up of a 
homogeneous zone of color surrounded by another coloi and 
havmg a shaiply defined boundary—an abrupt transition in 
brightness fiom one zone to the other at all points Such a 
figure may or may not be regular It is as well illustrated by 
a splash of ink or by a silhouette of an animal as by a white 
circle on a black stimulus card. 

An area thus sensorily delimited is seen as one, unified and 
distmct from its surroundings, by any noimal person, by the 
congenitally blind on the first occurlence of vision following 
operation for cataract (Senden, 1932), by the normal rat 
(Lashley, 1938b), and apparently also at fiist vision by the rat 
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that has been reared m darkness (Hebb, 1937fl). The unity 
and distinctiveness of such figures from their background, then, 
IS independent of experience, or primitive. 

It IS not possible to specify exactly the stimulating conditions 
which determine the primitive figure-giound organization. I do 



Figure 2 Ambiguous figure In this diagram it is possible to see either 
of two profiles, but only larely can the two be seen simultaneously, they 
alternate instead When a figure appears on the left, the profile of a rather 
chubby man, the white area on the left appears as a more solid siiiface and 
one that is nearer to the observer This relationship is reversed when a 
figure appears on die right—tlie profile of one suffering from gigantic tumors 
of the neck and of the frontal bone The theoretical importance of such re¬ 
versals of figure-ground relationships has been stressed by Cestalt psycholo¬ 
gists, diough there is considerable difficulty in subsuming the instability 
under perceptual theory 

not exclude as nonpiimitive the perception of groupings, nor 
the segregation of a patch of color which has ill-defined bound¬ 
aries, There are suggestions in Seaden's (1932) moiiogiaph 
and in rat behavior that the perception of such units m the 
visual field may also be independent of experience, Senden's 
monogiaph is of the first importance for undeistanding the jier- 
ceptual process, but in seveial lespects the evidence is far fiom 
clear. The earlier writers whose repoits are summaiized did 
not recognize some of the psychological pioblems to which their 
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The ''Nonsensory'' Figure 

observations are relevant What Senden does show, in the fact 
that patients always responded to ceitam objects as wholes and 
could on occasion detect diffeiences between objects even in 
spite of nystagmus, is that theie is a primitive or innate figuie- 
giound mechanism He does not make it possible to state its 
limiting conditions. 

THE ^'NONSENSORT^ FIGURE 

The nonsensory figure-ground organization is defined as one 
in which the boundaries of the figure aie not fixed by gradients 
of luminosity in the visual field It is affected by experience and 
other nonsensory factors, and is not inevitable in any perception. 
In contiasting the primitive and the nonsensory figure, however, 
one need not imply that a perceived figure must be either of 
one 01 the other kmd They are lather two extremes, and in 
most perceptions both sensory and nonsensory factors affect 
figure-ground organization. 

The one of these extremes, in which exactly the same figural 
boundaries aie recognized by anyone, has already been illus¬ 
trated The other is quite common in ordinary experience, 
although I have not found any discussion that makes its mean¬ 
ing explicit. It is implied, for example, by Gibson and Crooks 
(1938) in their discussion of the perceptual field of the automo¬ 
bile driver, and the shrinking or expanding of a perceived zone 
of safety from potential collision In general terms, the non- 
sensoiy figure occurs in peiception whenever the subject re¬ 
sponds selectively to a limited pait of a homogeneous area m 
the visual field One may look at the “middle part” of a rope as 
distinct from the rest, in knot-tying, or peiceive the “foi eground” 
of an unbroken landscape It is a commonplace that in human 
perception many entities exist, like the place in a continuous 
expanse of lawn where a flowerbed is to be put in, such that 
no sensory delimitation of figure fiom ground can even be sug¬ 
gested The “corner” of a room certainly does not always refer 
to a geometrical point, it is extended, and yet does not comprise 
all of the two (or three) rectangular surfaces which deteimine 
it Its locus IS sensorily fixed, but not its boundaries, and Ian- 
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guage IS full of terms with a similar implication for the theory 
of perception 

Even commoner in everyday perception is the perceived entity 
m which both sensory and nonsensory factors cooperate Heie 
the figural boundary may follow one of a number of possible 
luminosity gradients m the field, the paiticulai one that is effec¬ 
tive bemg usually deteimmed by expeiience in one foim or 
another This is illustrated by Leepei’s (1935) expeuinent, 
which demonstiated a lasting contiol, by eailiei expettence, of 
the particular perception that is made with Boring’s ambiguous 
figure, “My wife and my mother-in-law” (Boring, 1930). An¬ 
other illustration is the process of slow learning to see a con¬ 
figuration in a particular way, as in the gradual deciease of the 
difficulty a novice has m following the boundaries of a thalamic 
nucleus that are obvious to the expert 

Theie is reason to believe that the lat, as well as man, finds 
some figure-ground relations obvious and inescapable, and de¬ 
tects others only after prolonged experience That is, the dis- 
tmction of piimitive and nonsensory figuies applies also to the 
rodents peiception. Lashley (1938b, pp 156, 185) points out 
that success in disciimmation and geneialization evidently de¬ 
pends on the rat’s findmg a differentiatmg chaiacteristic between 
two figures, or one that is common to a pattein alicady known 
and tlie new one which is presented in the testing situation It 
is equally clear that the distinctive pait of the test pattein is 
not obvious to the rat at once, this pait, whatever it is, is what 
deteimines the response and becomes the true flguie (as con¬ 
trasted with what the experimenter meant to be the figure), tlie 
rest mergmg mto ground 

In general, Gestalt wi iters on the organization of the figuie 
have been concerned to show that it cannot be i educed to 
experience and leainmg, and have thus selected cases for dis¬ 
cussion in which sensory dynamics alone is enough to pioduce 
an effective figure-ground organization They have, that is, 
concentiated attention on the primitive figure, and they give the 
impression that the spontaneity of its organization is a piopeity 
of any figure Tiue, one can find many passages in the litera¬ 
ture on Gestalten that refer to figures not sensoiily delimited, 
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but no stress on the fact that this implies some role of learning 
in the delimitation 

Kohler (1929), foi example, has written: “Since ‘'leal form’ 
presupposes a segregated whole, the existence of "foim’ depends 
upon factors of stimulation similai to those upon which the 
segregation and oiganization of wholes depend Again, definite 
lelations in the total constellation of letinal stimuli aie found to 
be decisive for the existence of leal form” (p 202, my italics 
draw attention to the stiess put on sensory factors) Again, 
after referring to Gottschaldt’s expeiimenLs, Koliler says. “Aftei 
these results, whoever defends the automatic influence of past 
expeiience upon our seeing definite forms, will have incumbent 
upon him the task of suppoitmg his theory by olhei experi¬ 
ments If such an influence exists, it must be restricted to 
rather special cases*' (p 208, italics mine) 

Attention is drawn to this aspect of Gestalt theory because it 
helps one to define the point at which one can diverge from the 
theory without failmg to recognize the great contribution it has 
made to modem psychology, which has been shaped to a great 
extent by the impact of Gestalt ideas on behavioiism Theie 
are few psychologists who would not own a debt of this kind 
to Gestalttheoiie, and few who do not also feel the need of 
qualifying the theory in some way, though it is not easy to see 
just how this IS to be done without losing the values that have 
been obtained with its help. 

In the pages from which the passage above is taken, Professor 
Kohler, I believe, provides the necessary clue His aigument 
appears to depend on a complete antithesis of experience and 
innate sensoiy dynamics, and it is this antithesis that we may 
avoid The question that is asked by Kohler is whether sensoiy 
organization is wholly innate, or wholly experiential.* If these 
are the only two alternatives, the aigument is unanswerable 
Kohler and Kofflca and Lashley have unquestionably slam the 

* In the monograph of Kohler and Wallach (1944, pp 310, 323) theie 
are also passages that seem not intelligible unless one is thinking in lei ms 
of such an extreme dichotomy between completely organized sensory proc¬ 
esses (innately) and completely unorganized ones This does not do jus¬ 
tice, either to current learning theory, or to the effectiveness of the earlier 
Gestalt arguments in favor of an innate sensory organization 
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dragon of pure learning theory, in the field of perception, and 
no one today would argue that perceptual organization is wholly 
acquired, there is some innate organization. But this of course 
does not show that the organization is entnely innate There is 
always a possibility that perception has a partly innate, paitly 
learned organization; and that besides the figure that has a 
''primitive unity' there aie 'nonsensory figures” in which expe¬ 
rience has an important role. 

I propose, then, that Gestalt theory made an essential contri¬ 
bution when it showed that there aie innate factors in percep¬ 
tion, but that It has tended to carry the aigument too fai in deny¬ 
ing that learning and experience have any impoitant lole in the 
perception of simple configurations (apart, of course, from learn¬ 
ing the meaning of the configurations) This, as we have seen, 
has led to emphasis on a dominant role of sensory dynamics; 
important as sensory processes are, however, they do not com¬ 
pletely dominate either behavior or peiception 

It is also important to see that the aigument against an effect 
of experience on perception often requires the assumption that 
any perceived figure is perceived as a whole, in all respects 
Thus the upper diagram of figure 3 has been legaided as quite 
unfamiliar to the observer (Kohler, 1929). Subjects shown this 
diagram for the first tune failed to find another which is con¬ 
cealed in it, and which they had been shown before The con¬ 
clusion was drawn that an unfamiliar configuration obscured a 
familiar, smaller one—that sensory dynamics dominates expeii- 
ence and the effects of learning. But the expenmental diagram, 
actually, was unfamiliar only as a whole* its paits, two parallelo¬ 
grams and a set of parallel hnes foiming a Z, weie certainly not 
unfamiliar to the experimental subjects Consequently, the con¬ 
clusion is valid only if the total figure is an unanalyzable whole, 
which it surely is not 

In the lower diagram of figure 3, a “4” is concealed That it 
may not be recognized is evidence that sensory dynamics on 
occasion may override expenencc, in the delimitation of a figure. 
This is a valid point. But when one looks foi it, the 4 can be 
seen, and this is not explamed by Gestalt theory, A "special 
vector” (Kohler, 1929) is operating, but this special vector seems 
to be the factor of attention and experience that is involved 
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in the nonsensory figure. Our problem is to find out how to 
modify Gestalt theoiy so that it can comprise this factoi of at¬ 
tention and not have to deny the impoitance of learning in 
perception. 

Furthermoie, Gestalt emphasis on the piimitive figure, which 
has a marked stability, obscuies the fact that in ordinary pei- 




Figube 3 Diagrams from Kohler, Gestalt psychology, 1929 (figures 10 
and 12) Courtesy of Liveright Publishing Corporation and of the author 

ccption any figuie-giound relationship is a highly unstable one, 
with a practically constant fluctuation from one organization to 
anothei Even when one perceives the compact, cleaily de¬ 
limited figuie which is such that any observer at once sees it, 
one finds that the stability of the figure-ground relation is not 
great, oi, bettei, that its stability consists of a continual recur¬ 
rence, instead of a constancy, of the figuie It is notorious that 
attention wanders, and this is another way of saying that in per¬ 
ception any figure is unstable, one looks at this part of the con¬ 
figuration and that, and notices its coineis oi smooth contoiu, in 
the intervals between seeing the figuie as a whole In ordinaly 
perception, moreover, the instability is far gieatei (Boring, 1933, 
Pillsbuiy, 1913 \ 
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An adequate account of peiception cannot be given in terms 
of a figure-ground organization that has any great duration ui 
time, even when gaze is fixated at a single point in a configura¬ 
tion The fluctuations of attention which occur point duecdy to 
a fundamental impoitance, in any perception, of nonsensory 
factors. This of course has already been demonstiated for com¬ 
plex indeterminate figures by Caimichael, Hogan, and Walter 
(1932) and by Zangwill (1937), I propose that the same factors 
must be taken into account in the perception of square or cu’cle 
as well 


“IDENTITY" IN PERCEPTION 

Identity is defined heie as referiing to the properties of asso¬ 
ciation inherent in a perception. The reference has two aspects 
first, a figure is perceived as havmg identity when it is seen im¬ 
mediately as similar to some figures and dissimilar to other s- 
tliat IS, when it falls at once into certain categories and not into 
others, This similarity can be summed up as spontaneous asso¬ 
ciation, since it may occur on the first exposure to the stimulus 
object Secondly, the object that is perceived as having iden¬ 
tity IS capable of bemg associated readily with other objects oi 
with some action, whereas the one that does not have identity 
IS recalled with great difiBculty or not at all, and is not recog¬ 
nized or named easily. Identity of course is a matter of degree 
and, as I shall try to show, depends on a considerable degiee of 
experience, it is not innately given 

Thorndike (1931, p 87) has presented an approach to this 
conception, using the term “identifiability,” and has proposed 
tliat identifiability promotes the formation of associations If 
one carries the analysis a little further, it appears that the propo¬ 
sition IS cucular, Identifiability is not meiely a perceptible dif¬ 
ference of one figure from another when the two are side by 
side, but implies a rememberable differ ence-identifiability is 
clearly, in the mstances Thorndike gives, lecognizability, and 
recognition is one form of association. Thus Thorndike’s propo- 
sitmn IS that associability affects the occuirence of associations. 

file real point at which he is driving seems to be tliat there 
are genume differences of associability in different patterns. 
Iso, more is involved in these differences than the number of 
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trials necessary to establish recognition; there are also the spon¬ 
taneous associations leferred to in speaking of similarity, Rec- 
ognizability goes with selective sunilaiity, or generalization the 
figure that is readily remembered is also perceived as belonging 
to a particular class of figures, and remembered so 

An iriegulai mass of coloi or a pattern of intersecting lines 
drawn at random has some coherence and unity, but one such 
figure IS not leadily recognized and distinguished from others 
when it is seen a second time, and generalization (or similaiity) 
is not selective among a number of such stimuli There is not 
a total lack of distinctiveness and of generalization, howevei 
Two of Thorndike’s figures which lack identity aie not mdistm- 
guishable when seen together, and mistaking one figuie for 
another can be called generalization LasUey and Wade (1946) 
distinguish between the “so-called generalization” which means 
only a failure to observe diEeiences and the generalization 
which mvolves perception of both sunilanties and difteiences. 
The amorphous figure, lackmg in identity, is generalized in the 
first sense only. 

A further illustration of these points is found in the develop¬ 
ment of identity in the perception of chimpanzee faces by one 
who has seen no chimpanzees before Two animals seen side 
by side are obviously different m details, but the inexperienced 
observer is not able easily to remember one selectively. Also, 
all chimpanzees at this stage look alike, the ‘‘so-called generali¬ 
zation” occurs. With experience the perception of identity in¬ 
creases Similarity is still perceived between animals, and con¬ 
fusion between some animals is stdl possible, but there is a 
marked change in the perception, as shown in a much moie 
selective similarity of one animal to others, and in the radical 
increase of the observer s capacity to associate even a new chim¬ 
panzee with a specific name. Thus identity is a matter of de¬ 
gree readiness of recognition, and the extent to which gener¬ 
alization IS selective 

This discussion has been meant to establish the conception 
of “identity” as an important piopeity of perception which 
should be kept carefully distmct horn the “unity” of tlie per¬ 
ceived figure (as well as from its “meaning”). Unity may be 
innately determined, an immediate property of sensory dy- 
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namics, whereas identity is dependent on a prolonged experi- 
ence Because these two things have not been separated in the 
past, it has appealed that peiceptual organization is innate. 
Some aspects of the organization are present, appaiently, at the 
first expel lence, but others are not 

INDEPENDENCE OF UNITY AND IDENTITY IN 
SIMPLE FIGURES 

The examples of the pieceding section dealt with complex 
perceptions I wish next to leview the evidence that shows that 
unity and identity have separate deteiminants even in quite 
simple peiceptions. Seeing a circle as a single coheient object 
is not 4e same as seeing it as a distinctive object, selectively 
recognizable. 

Fust, the evidence for man. It has already been said that the 
figure-ground segregation is good at the initial occurrence of 
human vision, as shown by Sendens (1932) lepoits, at the very 
time when peiception of identity appeals to be practically ml. 
Unity then can be perceived without identity Invest]gatois (of 
vision following opeiation for congenital calaiact) aie unani¬ 
mous in reporting that the perception of a square, ciicle, oi 
triangle, or of sphere or cube, is veiy poor To see one of these 
as a whole object, witli distinctive chaiacteiistics immediately 
evident, is not possible for a long period. The most intelligent 
and best-motivated patient has to seek coineis painstakingly 
even to distmguish a triangle from a ciicle The newly seeing 
patient can fiequently find a diffeience between two such figures 
shown togethei, just as the noimal adult can leadily detect dif- 
feiences between two of Thorndike's figiues lacking 'hdentifia- 
bility,” but the difieiences aie not lemembered Theie is for 
weeks a practically zero capacity to learn names for such figures, 
even when tactual recognition is prompt and complete 

Another facet of the same lack of capacity is the failure to 
generalize as noimal persons do When the patient fii&t gets to 
the point of bemg able to name a sunple object piomi^tly, rec¬ 
ognition IS completely destroyed if the object is slightly changed 
01 put mto a new setting. The patient who had learned to 
name a ring showed no recognition of a slightly difleient iing. 
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having learned to name a square, made of white cardboard, 
could not name it when its coloi was changed to yellow by turn¬ 
ing the cardboard ovei, and so on. These reports consistently 
indicate that the perceived whole at fiist vision is simultane¬ 
ously unified and amorphous There is not a single instance 
given in which the congenitally blind after operation had trouble 
in learning color names, but a gieat iiumbei in which the per¬ 
ception of identity in a simple figure was poor indeed (Senden, 
1932, pp 135-141). 

A second evidence comes from species differences in the per¬ 
ception of identity For coheient patterns and simple gioupmgs 
the figui e-ground relationship appears to be the same fiom lat 
to man, so the significant differences of peiceptual generaliza¬ 
tion (one aspect of identity) argue strongly that figmal unity 
and identity have sepaiate bases (a) The discrimination of 
simple geometrical figures by man and chimpanzee is unaffected 
by leveisal of biightness relations between figure and ground 
(Gelleiman, 1933), a white triangle on a black giound is gen- 
eialized by these anthropoids to include a black tiiangle on a 
white ground. For the lat, such a reveisal completely disrupts 
disciimmation, and no amount of training with the white tri¬ 
angle alone will pioduce “lecogmtion” of a black one Theie is 
some uncertainty about the phylogenetic level at which the 
capacity foi this generalization appeal s, see Lashley (1938b, 
p. 144), Smith (1936), and Neet (1933), but between the rat, 
and chimpanzee oi man, the difference in this respect seems 
complete (although for simple figuies only, human perception 
of more complex figui es in le versed biightness is definitely de¬ 
fective, as in recognition of photogiaphic negatives), (b) The 
peiception of a triangle oi square by the rat is not generalized, 
without specific tiaining, to include a similar rotated figui e 
(Fields, 1932) but is generalized so by chimpanzee and by two- 
year-old cliildien, although a coiiesponding head lotation also 
occurs (Gellerman, 1933). (c) Peiception of a triangle is not 

geneialized either by lat oi chimpanzee to include a tiiangle 
made up of small cucles, but the generalization is made by two- 
yeai-old children (Gelleiman, 1933, Lashley, 1938b). 

Thus the perception of identity is different in diffcient mam¬ 
mals, the perception of piimitive unity is piactically the same. 
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Further evidence of the independence of unity and identity is 
found in the peculiar “equivalences” or generalizations often ob¬ 
served in rat behavior, and in the anomalies to be found in the 
relative difficulty with which the rat learns to disci immate be¬ 
tween certain patterns Two discriminations that are equally 
easy, from the human point of view, present very unequal diffi¬ 
culty for the rat For normal man a squaie and a circle aie no 
less obviously distinct than eiect and inverted triangles, yet the 
rat readily leains to discriminate between the tiiangles and con¬ 
sistently has trouble with cucle versus square (Lashley, 1938h, 
pp. 155, 156) Some animals that have learned other patterns 
(thus showing that then acuity is sufficient for the task) show 
no sign of discriminating circle and square at all, A five-pointed 
star and an H are foi man clearly, inevitably distinct, while the 
rat distinguishes them with difficulty and no faster learning 
occurs than with quite irregular figures (Lashley, 1938&, p 157) 
Such facts mean a great difieience of rat from man m perceiv- 
mg the identity of simple, regular figures. 

The same is evident in the patterns which may be “equivalent” 
for individual rats, and in some failures of equivalence One 
animal may transfer his response fiom an erect triangle (versus 
an inverted one) to a single horizontal line low on the stimulus 
card (versus another higher on the card), while another animal 
fails to discrimmate the complete triangles with which he was 
trained, when a slight change is made of their positions on the 
respective stimulus cards It is very doubtful in such cases that 
the rat has perceived the pattern as a distinctive whole, and it 
seems that a response is frequently deteimmed by only a pait 
of a figure as simple as a tiiangle 

Lashley (19S8h, p. 182) has lecognized this, but interpreted 
it by comparing the rat to a ski-jumper who does not pay atten¬ 
tion in his jump to nonessentials such as the shape of a spec¬ 
tator s hat The general interpretation was made that there is 
little significant difference m the perception of simple figures 
by rat and man, but this conclusion is not supported by the 
evidence 

When identity is distinguished from unity, we find great spe¬ 
cies differences in the perception of identity and not in what is 
seen as a primitive unity. The analogy between the rat’s per- 
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ceiving all the detail of a triangle in the jumping apparatus, and 
the ski-)umpei’s peiception of a hat, is valid—except that it sets 
the human subject a much more difficult task It is inconceiv¬ 
able that a ski-jumper would not perceive a laige triangle as 
such, fully structuied, if it lay close to and marked the point of 
safe landing m an otheiwise plain field, as it does for the lat in 
the jumping appaiatus. The rat, however, may lespond selec¬ 
tively to only the pait of the figure which lies nearest the point 
to which he jumps, although his field of vision is wide and 
although (as Lashley has demonstiated) he peiceives much 
more than he has to in making a discrimination. 

These considerations are the more convincing because the evi¬ 
dence of the rat’s frequent failure to see the tiiangle as a dis¬ 
tinctive whole figure comcides with Sendens desciiption of the 
congenitally blmd after acquiring vision—the normally reaied 
rat, and a man seeing for the first time, both have precisely the 
same kind of difficulty 

It IS reasonable to conclude that the perception of identity 
(as defined) follows the same principles m lat and man but is 
much more highly developed in noimal man Since there is no 
evidence of any cleai difference of the primitive figuie-ground 
organization perceived by these two species, but strong sugges¬ 
tions that it is the same for both, the evidence is consistent with 
the idea that identity and figuial unity have sepaiate physio¬ 
logical bases They aie, that is, psychologically independent 
This makes it possible to suppose that additive processes may 
occur in the development of identity without denying that the 
figure has a piimitive unity. 

LEARNING TO PERCEIVE SIMPLE FIGURES 

The facts already adduced in the last section have indicated 
a role of leainmg in the peiception of triangle or square as dis¬ 
tinctive wholes The idea that one has to leain to see a tiiangle 
must sound extremely improbable, and so I shall now present 
the evidence to this effect more systematically 

We have seen that the perceptions of the congenitally blind 
after operation are almost completely lacking in identity. Sen- 
den (1932, pp 155-157) lepoits cases m which theie was an 
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immediate perception of diffeiences in two figuies seen togethei, 
but also one definite instance in wliicli even this was not pos¬ 
sible, Thus the patient sometimes saw difteieiices between a 
sphere and cube, sometimes not (p 90). Color has been 
found to dominate form peisistently in the first vision of these 
patients Eleven months after opeiation the color names learned 
by a patient in hospital weie retamed, but the little that had 
been learned of foim was £oi gotten (p 135) An egg, potato, 
and cube of sugar were seen by a patient repeatedly, until 
naming was prompt, but then were not lecognized when put 
into coloied light, the cube of sugar was well named when it 
was seen on the table or in the investigator s hand but not rec¬ 
ognized when suspended by a thiead with a change of back¬ 
ground (p 138) 

Such patients, when learning has proceeded far enough, mani¬ 
fest the characteristic generalizations of the noimal person, so 
the initial difficulties aie not to be put down to structuial de¬ 
fects of the sensory apparatus (Senden, pp 173-175) 

Riesen (1947) has fully confirmed the conclusion that ordi¬ 
nary visual perception m higher mammals presupposes a long 
learning period His observations concerning the almost com¬ 
plete visual incapacity of chimpanzees leaied in darkness, and 
the slowness of learning, are of the greatest importance They 
show that Senden s similai results with man are not due to some 
madequacy of the clmical tests, noi peculiarly human. 

The course of perceptual learning m man is giadual, proceed¬ 
ing from a dominance of color, through a peiiod of sepaiate 
attention to each part of a figure, to a gradually amved at iden¬ 
tification of the whole as a whole, an apparently simultaneous 
instead of a seiial appiehension. A patient was trained to dis- 
ciiminate square from triangle ovei a period of 13 days, and 
had learned so little in this time ^That he could not report their 
foim without counting coineis one after another And yet it 
seems that the recognition process was beginnmg already to be 
automatic, so that some day the judgment ‘square’ would be 
given with simple vision, which would then easily lead to the 
belief that form was always simultaneously given” (Senden, 
1932, p 160). The shortest tune in which a patient appioxi- 
mated to normal perception, even when learning was confined 
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to a small number of objects, seems to have been about a 
month. 

It IS possible then that the noimal human infant goes thiough 
the same process, and that we aie able to see a square as such 
m a single glance only as the lesult of complex learning The 
notion seems unlikely, because of the uttei simplicity of such a 
perception to the normal adult But no such argument can be 
valid, since Lashley (1937) has shown that subjective simplicity 
and immediacy may be veiy deceptive as an index of physio¬ 
logical simplicity. There are moreover residual traces of learn¬ 
ing m noimal perception, and hints of its complexity 

Gelleiman (1933) reports that chimpanzees and two-yeai-old 
childien recognized a triangle that had been rotated thiough 
120° from the tiaining position, but (in the one protocol that 
is given) responded selectively only after a head lotation, and 
persistent head rotation continued in the latei disciiminatioiis 
Older human subjects do not need to make the same receptoi 
adjustment to recognize the figure in two positions, and so this 
generalization may be a learned capacity, simjple as it seems 
to us. 

Consider also the following evidence, which is suggestive 
though perhaps not conclusive When a simple figure such as 
square, circle, or triangle, subtending a retinal angle of from 
2° to 10°, IS fixated at one point, it tends in a second oi so to 
become almost amorphous except near the point of fixation The 
effect IS not due to fatigue alone, noi to poor acuity outside the 
macular zone since (1) a single stiaight line does not suflei 
nearly as much, (2) shifting fixation back and forth between 
two cornels of a triangle does not restore the clarity with which 
the thud IS seen, and (3) an 8° circle diawn with a line 2 mm 
wide, and a 4° circle drawn with a line 1 mm. wide, seem to 
give appioximately the same effect 

The factors involved are evidently complicated, it will be 
found, for example, that with a large figure merely imagining eye- 
movements (of following the contours) will restore definition of 
the figure Also, these “imaginary” eyemovements, oi subliminal 
activations of the motor system, occui moie fiequcntly and aie 
less easy to control in looking at a smaller than at a laigei 
figure, and it is hard to be sure that the size of the figure is un- 
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important. But this at least seems definite, that a stable, clear, 
and effective perception of circle or square is more possible with 
eyemovement than without. Once the question is asked, any- 
one can verify for himself the falsity of the implicit assumption 
(usually made m the study of perception) that the figure acts 
always as one, without a remfoicing perception of its paits as 
distmct from the whole. 

My pomt is not that eyemovements are essential to peiception 
by a sophisticated observei (nor, in the following paragraph, 
that they are completely necessary for an image), but that the 
perception is definitely clearer, more effective, with them than 
without This is really an evident fact It is to be interpreted 
in the light of all evidence, cited above, showmg that the pei¬ 
ception of square or circle is slowly learned and depends oi igi~ 
nally on multiple visual fixations. 

Directly in line with such phenomenological obseivations aie 
the followmg mtrospections I find it veiy difficult to have a 
clear image of a triangle, square, or circle without imagining or 
actually makmg a senes of eyemovements Several others, asked 
to make observation on this point, have reported the same thing. 
It IS hard or impossible, that is, to have a cleai image of a tri¬ 
angle as fixated at one pomt Eyemovements definitely improve 
the “image"’' They do not take the form, necessarily, of follow¬ 
ing the figure's contours, but are apt to jump fiom point to 
pomt, perhaps three to four points in all. Thus the distinctive¬ 
ness of the image is not merely in the eyemovement pattern, 
for approximately the same series of eyemovements may con¬ 
tribute to a good image either of circle or square. Activation of 
the motor system, overt oi implicit (even possibly within the 
cerebrum alone, with no activity of the final common paths), 
contributes essentially to the development of visual integiation 
without being sufficient to it. As I have said, such evidence is 
hard to evaluate, but it points to the same conclusion as Senden's 
evidence, already cited, and is supported by it, 

Clark and Lashley (1947) have confiimed the obseivations of 
Kennard and Ectors (1938) and Kennaid (1939), and have pro¬ 
vided what appears to be an independent confiimation of the 
argument above, Kennard found a one-sided loss of vision by 
monkeys on extirpation of the opposite frontal eyefield, a cortical 



Conclusions 


35 


motor area foi head-and-eye movement. Clark and Lashley 
have demonstrated this phenomenon convincmgly, with an ade¬ 
quate method of testing The most significant and strikmg ob¬ 
servation was startle by the monkey when an object was passed 
from the blmd side into the seeing side, at the moment of pass¬ 
ing the midline. One might have argued that the animal could 
“see'* an object in his appaiently hemianopic field but was not 
able to move his eyes towaid it The observation leferied to 
rules that inteipretation out, and other observations showed that 
the hemianopia is a genuine failuie to see (though it is tian- 
sient, disappearmg in a week or two) 

Now the question is what the motor coitex can have to do 
with visual perception—unless peiception intimately involves a 
motor activity, liminal oi subliminal There is no reason to 
think that the fiontal cortex has anything to do with the recep¬ 
tion of visual sensation, and the alternative seems to be tliat it 
must have something to do with the elaboration of sensation 
into visual perceptions In Chapter 5 will be found a treatment 
of perception winch supposes that perception of even a simple 
object involves a "phase sequence” This is a chain of central 
cortical events with motor links. Although the motoi activa¬ 
tions may be sublimmal and do not always pioduce oveit re¬ 
sponse, their role is essential in any perception This would 
account for the observations of Kennard and Ectors, and Claik 
and Lashley, which therefore can be considered to be a con- 
fiimation of the argument of Chapter 5 as well as the aigumcnt 
of the preceding paragraphs 

CONCLUSIONS 

Animal experiments and the human clinical data alilce indi¬ 
cate that the perception of simple diagrams as distinctive wholes 
is not immediately given but slowly acquned thiough learning 
Introspective obseivations which would not cairy much weight 
in themselves appeal to agree fully with othei evidence, show¬ 
ing vestiges of a summative process involved in peiceiving the 
identity of circle or triangle, although such a figure is seen by 
the adult clearly and is effectively discriminated at a single 
glance, there aie still tiaces left of complexities such as the 



56 Summation and Learning in Perception 

learning process described by Senden would produce, which for 
normal persons must have occurred m early infancy and which 
makes the unified perception possible. 

The subjective expeiience of an irreducible simplicity in the 
perception of square or circle may then be fully analogous to 
the illusion of the image of the letter-square (Woodworth, 1938, 
p, 42), where the subject thmks he has an actual image of the 
square but can be shown not to have.^ Although the peicep- 
tion of identity is good at a glance, it is impioved by several 
glances at different parts of the figure This process of “succes¬ 
sive pait reinforcement,” as an aid to perception, exists at the 
same time as an essential unity of the whole, and theory must 
provide for the additive process, with its motor elements, as well 
as foz the primitive unity 

This argument is not in any way a return to the old idea that 
sensory integration occurs solely through motor activity, or that 
the distinctiveness of a perception is solely or mainly due to 
distinctive eyemovement. We know that this is not tiue. But 
there are thiee theoretical possibilities, not two (1) perceptual 
integration is wholly the result of motoi activity, (2) it is wholly 
independent of motor activity; and (3) the motor activity is 
impoitant but not all-important—the position that is taken here. 

Grant fully that visual integiation cannot be reduced to a 
synthesis of unrelated elements thiough effector activity, and 
the question remams, how much significance the motor factor 

^ The experiment is as follows The subject is shown a diagram such as 

X e a q 
r 1 1 s 
o f z g 
d y u p 

and studies it until he has, apparently, an image of tlie whole square and 
can “look at” it and read the letters off, one by one If he really has such 
an image, it will not matter in what direction he is asked to “read ” Ac¬ 
tually, It IS found that tlie subject cannot reproduce the letters as fast from 
right to left as from left to right, or promptly give tlie four letters, p, z, Z, x, 
that make up the diagonal from lower right to upper left So what seems 
a simple, immediately given image of tlie whole is actually a serial recon¬ 
struction of parts of the figure An “image” of tiiaiigle or square is simpler, 
longer practiced, but may be fundamentally tlie same The perception of 
such figures, also, may involve a temporal sequence 



may still have. Receptor adjustment (kd-and-eye movement) 
IS tlie most prominent feature of visual perception whether in 
rat, chimpanzee, or man-excepf m long-practiced habits, The 
assumption has been tacitly made that the adjustments aie un¬ 
important for theory (once it was shown that they weie not the 
whole answer). The fact of eyemovement has been treated 
only as a further (negative) evidence that the locus of excita¬ 
tion in the retma is unimportant, since the changing retinal pro¬ 
jection does not disturb perception. But obviously another 
point of view is possible The thesis of this chapter is that eye- 
movements in perception are not adventitious They contribute, 
constantly and essentially, to perceptual mtegration, even though 
they are not the whole origin of it. 



3 . Field Theory 
and Eqmpotentiality 


The last chaptei examined the proposition that perception is 
a unitary process, in all its aspects We can turn now to an in¬ 
vestigation of the two theories, Kohler’s and Lashley’s, that have 
resulted from that idea In effect, this will be a critique of the 
theory of perception, since Koliler and Lashley aie the only 
writers who both recognize tho real problem of the neural 
mechanisms of perceptual integration and attempt an adequate 
solution Others have avoided the crucial difiSculty of specify¬ 
ing the way m which perceptual geneialization occuis Either 
libe Pavlov (1928,1932) they have not seen the difficulty at all, 
or like Hull (1943) have put it to one side foi solution later, 
Hull has discussed the problem, but only to show that it is not 
necessarily insoluble foi his theory of learning (PIull, 1945) 
Foi the present, Koliler and Lashley are the only ones who have 
attempted to say where and how perceptual generalization takes 
place 

For reasons already mentioned, howevei, the line of thought 
that they have chosen may be a blind alley, and it must be 
shown that there are other possible solutions Untd someone 
challenges the theory of mnate stimulus equivalence and equi- 
potentiality, and of neural fields and gradients as the only 
mechanism of integration, any theory with neuial connections in 
its ancestry is damned before it is born Being giavid, and so 
disapprovmg of infant damnation, let me look for another 
gospel. 


38 



S9 


Clarification of Terms and Issues 

CLARIFICATION OF TERMS AND ISSUES 

As elsewhere, the issues heie have sometimes been lost sight 
of in the dust of a piolonged battle. Theie is one main ques¬ 
tion* whether recognition, or a selective disci iminatoiy re¬ 
sponse, requires the excitation of specific neuial cells oi not 

The doctrine that.it does not, we can lefer to as eqinpoten- 
tiality» Kohler does not use the term, but his position is the 
same as Lashley’s on this point, and a single term will do. 

Explanations of the supposed equipotentiality differ gieatiy in 
some lespects but agree m their stiess on patterning in the cen¬ 
tral nervous system as against locus of excitation so we can 
again use a smgle term, configuration theory, to designate 
Kohlei’s (1940, Kolilei and Wallach, 1944) explanation by elec¬ 
trical fields in the cortex and Lashley’s (1942a) alternative idea 
of irradiating waves of excitation and then inteiference patterns. 

Next, sensory equipotentiahty can be coined for Lashley’s 
"equivalence of stimuli,” which is ambiguous One may want 
to refei to a limited degiee of equipotentiality, in affeient struc¬ 
tures, without accepting the whole theoiy of equipotentiality in 
central action, and this teim can be used foi the purpose, 

"Equivalence of stimuli” has a double refei ence It may mean 
only (1) that diffeient stimuli can aiouse the same response 
This is an obseived fact of behavior, whatever one's inteipieta- 
tion of the fact. But Lasliley has also used the teim to mean 
(2) that it does not matter what sensoiy cells aie excited in 
Older to get a certain response, and this is inteipietation The 
fact that two different patterns have the same effect may be 
due to eyeinovement, oi to multiple learning processes (the po¬ 
sition adopted here); oi it may be because similai patterns of 
excitation have the same ultimate motor effect, innately and 
necessarily, whether the receptors excited are the same or not. 
Let us then separate fact fiom interpretation, and let us refei 
(1) to the behavioral evidence in speaking of the equivalence 
of stimuli, and (2) to a particular interpretation in speaking of 
sensory equipotentiality 

Fmally, the idea of equipotentiality itself should be made 
more explicit. "Potentiality” literally implies only that different 
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cells are able to acquire the same function in behavior* Anyone 
must agree that this can happen, with separate learning proc^ 
esses* It is the basic idea of conditioning But Lashley has 
given the word another meaning, that all cells m a system neces¬ 
sarily do acqune the same function, when excited in a given 
pattern, so that separate learning piocesses aie not necessary for 
habits involving different stimuli or diffeient parts of a cortical 
field. 

Suppose for example that a habit is set up m this way the 
stimulus is a circle, let us say, that falls always on the same 
retinal cells in the lower right quadrant, the response is a move¬ 
ment of the left hand. The stimulation then is confined to one 
half of the visual area in the light hemisphere, and the response 
IS determmed by motor systems that aie also in the right hemi- 
spheie Equipotentiality implies (1) that any othei letinal cells, 
excited in a circulai pattern, will elicit the same i espouse—with 
either left or right hand, (2) that the right hemispheie may be 
extirpated, and the left will be found then to have "learned” 
whatever the right did, and (3) that this transfei of learning 
from one set of cells, pnmaiily excited, to other sets does not 
depend on an eailier experience that set tip connections between 
them, The idea is that the tiansfer is an innate piopeity of the 
central nervous system, so that it is not possible for a paiticulai 
habit to depend on any particulai neuial cell within an ana¬ 
tomical system, m any circumstances If a whole system is 
extupated, habits will be lost (as when both visual aieas aie 
removed), but it is not possible for a habit to be dependent on 
one half of an anatomical system only (foi the habit to depend 
on one visual area alone, or on any part of it) 

This IS obviously a rather extreme position An alternative 
hypothesis to be proposed later recognizes a limited field action 
in the sensory projection areas, and something like a limited 
equipotentiality between cells that are m functional parallel m 
physiological systems (this will be clear later on), but in the 
main it derives transfei of response from earlier-established 
habits and specific connections 

The issue is thus defined We must recognize that Kohler 
and Lashley have been completely successful m their original 
attack on stimulus-response theoiy such as Watsons. No one 
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now believes that retinal cells acquiie direct connections with 
muscle cells, as in a child's learning to say '‘cat" when he sees a 
cat The elimination of such oversimplified forms of switch¬ 
board theory was a fundamental contiibution. One need only 
glance at the Journal of Neurophysiology to see that theie are 
giadients of neural activity; theie is some mutual influence of 
neighboring paits as an excitation is conducted fiom the retina 
to aiea 17. Electiophysiology has fully confiimed the value of 
such ideas, and they must enter uito psychological theoiy 
But in fact, they have been geneially accepted aheady, so 
this is no longer an issue Pavlov's iiiadiation and concentra¬ 
tion IS a field action. Hull and Spence both make use of the 
notion of gradients The question now is whether gradients 
and fields aie the only mechanism of a selective neuial action 
01 whether they are combmed with an equally mipoitant mech¬ 
anism of connections and specialized conduction paths 
In short, configuration theoiy lepiesents two things. It has 
been, first, a necessary coirective to earlier ideas, such as 
Titchener's and Watson's. This positive contribution must be 
recognized as an impoitant step foiwaid But there is also an 
over-ieaction from punctate sensory elements and sensoii- 
motoi connections that is about as extreme as these older ideas 
As a theory, therefore, configuratiomsm is just as vulnerable as 
structuralism and the eaily behavioiism weie. 

Now let us see what the evidence is by which we can accept 
or reject field theory and equipotentiality. Some of the evi¬ 
dence that has been used to support these ideas actually is not 
relevant to the question, and such evidence can be discussed 
first, leaving the moie relevant evidence for latei consideration. 

THE PERCEPTION OF BRIGHTNESS, SIZE, PITCH 

In the literature, the perception of relative intensity has been 
used almost entirely by writers on configuration theoiy foi the 
embarrassment of learning theory. Actually, it is no easier for 
configuration theory to explain, and so is not really relevant to 
the debate between the two It has been thought to be crucial, 
however, and so must be considered here. Man oi animal tends 
to perceive relative rather than absolute intensity, extent, or fre- 
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quency. One can readily train an animal to choose the larger 
of two surfaces, it is extraordinarily haid to get him to choose 
a particular size, except when difiFerences aie very great. These 
facts are psychologically important, and they provided a deci¬ 
sive answer to learning theory in its oldei forms, but we know 
too little of the physiology of the relative peiception to use it 
as evidence for or against any cuiiently maintained psycho¬ 
logical theoiy 

The actual expeiimental evidence is as follows, taking the dis- 
ciimination of brightness as an example 

A rat IS tiained to go toward a light of intensity 1 and to keep 
away from intensity 2 (ie, twice as strong as intensity 1) He 
is then presented with intensities 2 and 4, and chooses (if he 
chooses at all) intensity 2—which he was taught to avoid (In 
the test, discrimination may break down, choices being made at 
random. This happens perhaps less than half the time, but a 
consistent choice of an absolute stimulus value nevei occuis in 
the rat in these circumstances, and the lelative value Is what 
the animal discriminates, when he does discrimmate*) 

Or, if the rat is taught m the first place to avoid an intensity 1 
and to choose intensity 2, m the test with 2 and 4 he will reject 
the stimulus he was trained to respond to in favor of a new 
one, intensity 4, This happens even when the animal has been 
reared in total darkness and has never in his life seen that 
sbmuliis before. This is, so far as one can see, still a conclusive 
answer to any theoiy of behavior that deals in connections fiom 
specific rods and cones to specific muscle fibers (Hebb, 1937fc).^ 

But the perception of brightness is commonly cited in a 
broader context, as supporting configuration theoiy in geneial 
against “learning” theoiy m general By impbcation, it is treated 
as suppoit for the idea that discrimination is not dependent on 
the excitation of any particular cells, at any neural level This 
does not follow. The truth is that no one has produced any 
good explanation of the lelative perception, so it does not sup¬ 
port one camp against the othei, and the truth is, also, that 

*11118 author, however, seems to have supposed that such experiments 
rule out all possibility that connections are the basis of learning The 
hypo til es IS presented in. the following section is enough to show that the 
conclusion, was unwarranted. 
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we know little or nothing about the locus of the cells whose 
activity mediates the peiception “bnghtei ” or “smallei ” oi 
'lugher” (in pitch), so the facts neither deny noi support the 
hypothesis of equipotentiality. 

We know, with reasonable ceitainty, that the training process 
does not form a connection all the way from leceptois to ef- 
fectois, but it is still possible to suppose that connections may 
be formed at some inteimediate levels I shall outline heie a 
possible hypothesis, mainly to show that we must know more of 
the physiology of sensation before brightness perception (for 
example) can be made an argument foi or against any existent 
theory 

AN HYPOTHESIS OF BRIGHTNESS PERCEPTION 

Marshall and Talbot’s (1942) treatment of visual acuity makes 
it possible to assume that the perception “blighter” deiDends on 
the activity of particular coitical cells, but not of paiticular 
receptor cells We take foi granted that mtensity 2 excites 
a laiger population of fiist-order (retinal) neurons than inten¬ 
sity 1 and with a higher rate of firing. Intensity 4 excites a 
still larger population The fact that 2 and 4 may elicit the 
same selective response is an argument for a sensory equipoten- 
tiality, but the equipotentiality may disappear farther on m the 
system. 

Marshall and Talbot point out that the whole visual system, 
from receptors to the several layers of the ceiebial cortex, must 
act to damp strong stimulations, amplify weak ones See what 
this means for the behavioral problem. At each synaptic stage 
in transmission the damping, or amplification, increases. A level 
X may be reached m the system where the degree of activity is 
constant foi an adapted retinal aica, with a brightness in the 
middle range. The amount of activity at X, then, will be the 
same whether the eye is adapted to intensity of 1, 2, or 4 

This of course is true only in adaptation The system must 
remam very sensitive to changes of stimulus intensity. There¬ 
fore, when the eye after bemg adapted to 1 is focused on 2, the 
level of activity at X goes up, say, from n impulses per second 
to 15n. The same would happen when the eye adapted to 2 
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IS focused on 4. In one part of the system, the same central 
neurons might thus be active in the perception “brighter,” re- 
gardless of absolute stimulus values. (In other paits, the cells 
that are aroused would still coriespond partly to the absolute 
intensity, and this helps to account for the fact that absolute 
values can be detected, though the tendency is toward the rela¬ 
tive discrimmation.) 

My point is not that this has explained the relative percep¬ 
tion. I do not suppose that the problem is as simple as this has 
made it sound The point is that the known facts aie not in¬ 
consistent with the idea that the perception “blighter” involves 
an activity in specific neural cells at some point m the system, 
and thus that a perception of lelative values is not incompatible 
with some specific neuial connections Something else, a “sen¬ 
sory equipotentiality” akm to neuial gradients and field action, is 
certainly involved, but the establishment of new synaptic con¬ 
nections IS not ruled out as the basis of an animars learning to 
lespond to the biighter of two surfaces. 

In the next two chapters some neurophysiological ideas are 
proposed about visual peiception They could be elaborated 
speculatively to deal with the peiception of brightness and size, 
though I have not done so. The perception of size, biightness, 
and pitch should be written down for the piesent as not yet 
accounted foi, by any theory Before they aie, we shall have 
to know much more about the physiology of sensation 

THE PERCEPTION OF PATTERNS 

In the perception of patterns we reach suier ground, having 
moie of the relevant physiological information available and 
being better able to see what bearing the facts have on the 
theory of equipotentiality. 

An animal that has learned to look for food behind a small 
squaie and not behind a small circle will, without fuithei tiain- 
ing, choose a large squaie and reject a laige circle Small and 
large squares are “equivalent stimuli ” If each is perceived with 
a single fixation, it is impossible for the total pattern in each 
case to excite the same set of retinal cells. The cuiient treat¬ 
ment of perception disregards eyemovement; the inference has 
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been drawn, therefore, that the locus of the cells stimulated 1 
the square is unimportant. Only the pattern of stimulatii 
matters 

But we have seen, in the last chaptei, that eyemovement can¬ 
not be disiegarded. A rat tiained to ]ump toward a square does 
not lespond only to the total figure, but at times clearly lesponds 
to parts of it, as separate entities Eyemovement has never 
been controlled in animal studies of peiception If the lat fix¬ 
ates parts of the figuie in succession the result is to superimpose 
its paits, one aftei anothei, on the same letinal cells that weie 
involved in the original training The locus of excitation may 
then be essential. Evidently the equivalence of similai patterns 
different xn size does not in itself piovide suppoit for the theory 
of equipotentiahty. 

For the evidence to become cmcial, two conditions must be 
fulfilled The equivalent stimuli must be shown to be con¬ 
ducted to different paits of the central neivous system, and 
there must have been no previous experience that could have 
set up connections between those paits before the experiment 
began 

One of these conditions has been met by Levine's (1945a, 
1945h) experiment with pigeons The optic chiasm in buds is 
completely crossed, so one eye conducts to one optic lobe, the 
other to the other Levine achieved the truly sui prising result 
of finding transfer for patterns in the lowei half of the visual 
field and not in the upper half. Foi configuration theoiy, the 
best that can be said with these lesults is that there is a limited 
equipotentiahty, between parts of the optic lobes (from the op¬ 
posite point of view, these results definitely icfute the theoiy 
of a geneial equipotentiahty in vision) 

Levine's expeument did not, however, control earlier experi¬ 
ence 111 his buds, and it remains possible that even the limited 
equipotentiahty suggested by his results is illusory. It is pos¬ 
sible that patterns in the lower half of the bud's visual field- 
as when the bud is foraging on the ground, oi alighting on a 
perch that extends into the field of vision of both eyes—had 
established, by perceptual learning before the experiment began, 
inter connections between the two optic lobes which might later 
be a basis of transfer. This would not require that the bird 
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have learned beforehand the actual patterns used in the expert 
ment, only that the parts of those patterns (or “perceptual ele¬ 
ments” see Chapter 5) have been learned'' That this possi¬ 
bility IS not far-fetched will be seen as we consider next the 
instantaneous recognition of patterns by man, wheie it is evi¬ 
dent that the peiception of one or two paits of a figure may be 
the clue to recognizing the whole. 

Human beings readily recognize certain patterns in the tachis- 
toscope The time of exposure of the pattern is of the order of 
one-fifth of a second The subject cannot fixate the sepaiate 
parts of the pattern one after another, and cannot adjust his 
eyes m advance so as to make it fall on any particular retinal 
cells This might be interpreted as equipotentiality, but there 
are facts that make that interpretation practically impossible 

I propose that the human capacity for recognizing patterns 
without eyemovement is possible only as the result of an inten¬ 
sive and prolonged visual tiaimng that goes on from the mo¬ 
ment of biith, durmg every moment that the eyes aie open, with 
an mciease m skdl evident ovei a period of 12 to 16 yeais at 
least The evidence supporting this proposition is found (1) m 
the errors made in tachistoscopic recognition, (2) in the way 
in which reading skill develops, and (3) in the rate and course 
of learning by the congenitally blind after opeiation 

1. The recognition of patterns momentaiily perceived, as in 
the tachistoscope, is extremely defective except with simple 
and conventional patterns, or very simple combinations of 
them The process is exactly that named by Woodwoith (1938) 
“schema with correction.” This means that the pattern is per¬ 
ceived, first, as a familiar one, and then with something missing 
or something added The something^ also, is familiai, so the 
total perception is a melange of the habitual 

* In particular, the slope of lines as they extend into the fields of both 
eyes simultaneously This explanation by a learning process is not, how¬ 
ever, the only alternative to ecjuipotentiality Anothei possibility is that 
part of each optic lobe, receiving impulses from the upper hemiretma only, 
has a point-to-point projection to tlie other lobe Transfer would thus be 
innately provided for The explanation by learning, however, should be 
examined first, by repeating Levine's experiment with pigeons reaied in 
darkness and kept m darkness except when tliey are actually being trained 
or tested 
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The subject’s leports aie such as "'a tiiangle with the top cut 
off” 01 “a square with a crooked bottom ” It is thus clear that 
the subject is not only responding to the diagram as a whole, 
he peiceives its paits as sepaiate entities, even though piesen- 
tation IS so brief Eirois aie prominent, and such as to show 
that all the subject leally peiceives—and then only with rough 
accuiacy—IS the slope of a few lines and then diiection and dis¬ 
tance from one anothei. A drawing oi a report of what is seen 
tachistoscopically is not unlike a paleontologist’s leconstiuction 
of early man fiom a tooth and a rib There is a cleai effect of 
earhei expeiience, filling in gaps in the actual perception, so 
that the end lesult is either somethmg famihai oi a combination 
of familiar things—a leconstiuction on the basis of expeiience 

All that is needed to account foi the lecognition of pattern 
without special adjustment of the eyes, to the extent that such 
lecognition leally occuis, is ability to lecognize loughly (1) the 
slope of line, (2) degiee of sepaiation of points, in any letinal 
projection These in combmation covei inteisection of lines, 
shaip inflections of line (or corners), and cmvatuie of line (by 
the vaiiation of slope at difteient pomts, and the absence of 
shaip inflection) What I am proposing, then, is that, duiing 
the continuous, intensive, and piolonged visual tiaming of in¬ 
fancy and childhood, we leain to recognize the direction of line 
and the distance between pomts, separately foi each giossly 
sepaiate part of the visual field.* 

* Here, as elsewhere, I ha\ e chosen to be more definite than is actually 
required by the theory to be developed, this is done with the conviction 

(1) tliat vagueness is not desirable as such, in psychological theory, and 

(2) tliat the more definite assumption may turn out to be correct, and at 
any late should be explored 

If it IS not correct, however, the later ilieoiizing is unaffected An 
alternative possibility to be considered is that some form of Lashley*s 
interference-pattern theory may hold in modified form Lashley has used 
the theory to explam perception of a square oi triangle as a single unified 
process, and it will be seen m the later part of tins chapter tliat tlie theory 
m this form cannot be maintained, but it might be feasible to apply it to 
single hnes instead Then the stimulation from a line of a certain slope in 
one part of the visual field would be innately equivalent to the stimulation 
of a similai line m anothei part of the field I know of no evidence that 
opposes tins, but no evidence for it either 

Psychologically, such an explanation might be more plausible, what it 
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I have already admitted that such ideas sound unlikely. The 
peiception of simple objects seems so simple and direct, so ob¬ 
viously immediate, that it cannot be complex and the result of 
a long-drawn-out learning piocess. But it was shown in Chap¬ 
ter 2 that the learning process is necessary, that the end result 
is complex, whatever it may seem. 

tt should be noted that these ideas do not mean that each 
sepaiate low of single cells m the retina must be separately con¬ 
ditioned for the perception of horizontal line (eg) in different 
retmal projections Marshall and Talbot’s discussion of visual 
acuity implies a significant overlap of excitation, at the level of 
the primary visual cortex, fiom lines that have distinct retinal 
pi ejections It is not clear how gieat this spread is, in terms of 
retinal angle, but it may be of the order of 2° in central vision 
and considerably greater at the peripheiy Accordingly, the 
number of separate visual habits necessary to ensure the recog¬ 
nition of horizontal line in any retinal projection might be, per¬ 
haps, not greater than 10 oi 15, Lines of slightly different slope, 
likewise, would not have to be learned separately (remember 
that accuracy m disciimmating slope tachistoscopically is not 
great) The number of sepaiate perceptual habits needed to 
account for tachistoscopic vision, consequently, is by no means 
infinite. 

Now consider how intensive and prolonged the human visual 
trainmg is As we shall see later, every single movement of the 
eyes, when exposed (as they always aie) to an unevenly lighted 
field, pioduces a number of excitations corresponding exactly to 
the excitation from a number of lines all paiallel to the duec- 
tion of eyemovement. The eyes are constantly moving when the 
subject is awake. Every waking moment then provides the 
necessary conditions foi lemfoicmg the perception of Imes, in 
every part of the letina 

would postulate is that parallel “ridges” of activity in area 17 would tend 
to excite the same, diffusely arranged, cells m 18 My neural schematizing, 
in the following two chapters, would then go on as before, but without the 
necessity of supposing that different parts of the retina must be separately 
conditioned to produce recognition of the slope of line in any part of the 
field 

The question is, I believe, open to experimental test, and will be inves¬ 
tigated 
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We have alieady seen that it takes months for the fiist dnect 
apprehension of a figure such as a plain, well-maiked tuangle to 
be established. The noimal human infant, appaiently, leaches 
this stage quite eaily in life, but his fuithei tiainmg continues 
eveiy moment that his eyes aie open, and must extend his ca¬ 
pacity for piompt lecognition of patterns falling outside the 
macula, 

2 Speed of reading inci eases up to the age of 12 to 16 yeais, 
or perhaps even latei This speed, depending on the instan¬ 
taneous recognition of laigei and laigei blocks of letteis, may be 
legarded as a function of the tiainmg of peripheral vision; it 
implies that learning to recognize a word immediately (as a 
single Gestalt) in direct cential vision does not mean lecogniz- 
ing it immediately at any angle of legaid, though this is what 
the theory of eqmpotentiality lequnes 

It might be aigued that the theory does not lequiie this, be¬ 
cause of diffeiences of acuity between cential and peiipheial 
vision Peiipheral recognition of a woid may depend, for ex¬ 
ample, moie on its geneial outline and less on particular letteis 
It might be argued, that is, that an increased speed of leading 
depends on learning to use different cues from those used in cen¬ 
tral vision This may well be true, but such an argument aban¬ 
dons the fundamental thesis of equipotentiality, namely, that the 
same pioperties of foim aie perceived whatever the letmal pro¬ 
jection, provided acuity is sufficient Above all, such an argu¬ 
ment would imply that peiipheial lecognition and cential recog¬ 
nition depend on separate visual habits, which is the aigument 
of this chapter. 

Moie dnect evidence on the point is available, however, than 
when the above considerations were first formulated These 
considerations suggested the need of a le-examination of some 
features of tachistoscopic perception, and this has been begun 
by M Mishkin and D For gays Then expeiiments show di¬ 
rectly that reading does not train all parts of the retina in the 
same way, even when acuity does not enter the pictuie The 
work will be reported m detail elsewhere, in summary, the fol- 
lowmg lesults have been obtained Fluent readers of English, 
used to leading from left to light, aie able to recognize woids 
to the right of the fixation point between two and three times 
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as well as words to the left of fixation Readers of Jewish (m 
winch the words lun from right to left) lecoginze more words 
to the left of fixation. These results can be obtamcd when the 
subject does not know whethei an English or a Jewish word is 
coming next, or whether it will fall to the light oi the left of 
fixation-tliat is, with a random oidei of left-iight, English-Jewish 
presentations The subjects that have been studied were not 
very fluent in Jewish, appaiently, and the left-iight difference, 
with Jewish words, was not statistically significant (P = 0 15); 
but It IS certain that whatever factors make the English word 
better recognized to the right of fixation does not affect lecog- 
nition of Jewish woids Eithei theie is no difference, or the 
Jewish woid is recognized better to the left, 

This shows duectly that there is not an equipotentiality be¬ 
tween the left and the right hemuetina, oi left and right oc¬ 
cipital cortex, in man A learned response can be more readily 
elicited from one part of the letma than another, which provides 
a good deal of suppoit for the assumption, made in these chap¬ 
ters, that a separate learning process is necessaiy for the elicita¬ 
tion of the same response by stimulation of a separate region in 
a receptor suiface 

3. Finally, there are Senden’s explicit reports of the way pat¬ 
tern vision develops after the congenitally blind aie opeiated on 
(see Chapter 2). The patient, despite weeks of practice, must 
still count corners to distinguish a square from a tnangle here 
there is no unimportance of the locus of stimulation, no evidence 
of equipotentiality When the patient fiist gets to the point of 
naming an object promptly, the recognition is destroyed by piit- 
tmg the object into a new setting or by changing its color The 
significant fact is that the chaiactenstic normal generalization 
shows up later, aftei a prolonged and arduous training process 
The evidence is clearly that the apparent equipotentiality is the 
sequel and product of learning, the perception of pattern is spe¬ 
cific and limited at first, geneiahzed only with further practice, 
and in these cases there is no suppoit whatever foi the idea that 
when a pattern is recognized at one angle of regard it will be 
at once recognized m any other 
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CLimCAL AND ANATOMICAL EVIDENCE 

We can turn next to the clinical and anatomical evidence that 
IS related to the question of equzpotentiahty m peiception. 

The conclusions reached aheady are supported by the per¬ 
ceptual completions m hemianopia, described by Fuchs (1920) 
and Lashley (1941) When one occipital pole of the biain has 
been destroyed by injiuy, oi tempozaiily loses its function in a 
migraine attack, the patient becomes blind in half the visual 
field If a simple symmetrical object such as a solid white 
square oi a bilhaid ball is fixated in the midline, the patient 
nevertheless repoits that he sees all of it That he does not, but 
instead completes in his peiception what he really sees only half 
of, is shown by anothei fact If half the object is presented 
instead, in such a way that the missing half would have fallen in 
the blind side, the patient still ''sees’' the whole object 

What is the basis of this completion? Kofflea (1985) tieats it 
as a fuithei evidence of Gestalt principles—an instance of the 
operation of field forces This, however, is piecisely what it 
cannot be 

In two of Fuchs' cases at least (Fuchs, 1920, pp 424, 436) the 
gunshot wound that pioduced hemianopia must have destioyed 
one area 17. The bullet enteied the skull in the midline at the 
occipital pole, and could haidly have destroyed the optic radia¬ 
tions on one side without also destioying the visual cortex on 
that side But area 17 is the coitical tissue m which a dynamic 
completion, due to field foices, would have to occui, theie is no 
isomorphism in the excitation conducted beyond 17—conduction 
is diffuse, and the topological relationship to the visual stimulus 
that is retained from the retina to aiea 17 is lost beyond it, so 
the field-force idea is applicable only at this level The com¬ 
pletion, then, is not the result of a field piocess 

In the case of migraine scotoma desciibed by Lashley, the 
symptoms indicate that one visual aiea was nonfunctional dur¬ 
ing an attack But this again is the tissue in which inteiference 
patterns would have to originate, to produce the peiception of 
a complete object fixated in tlie center According to the theoiy 
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of interference patterns (Lashley, 1942a) the perception of a 
semicircle lying immediately to the right of the fixation point 
depends on the particular interference pattern that is set up by 
that diagram in the left visual coitex. A whole circle, fixated in 
the middle, sets up two such interference patterns, one from 
each visual area. In the hemianopic, only one can occui, why, 
then, should the patient see a whole circle? The conclusion is 



Figure 4. Diagramming roughly the changes in cortical projection of a 
square when the fixation point only is changed based on the data o£ Polyak, 
1941, and has figure 100, for a square subtending a visual angle of 18° 20' 
(the size of the "cential area” of the retma) 1, fixation on the upper right 
corner of the square, which thus falls m the lower left visual field and pro¬ 
duces an excitation m tlie upper right cortex only, 2, fixation on the lower 
right corner, 3, bilateral projection with fixation on the center of the square, 
4, bilateral, fixation on the midpoint of the top line of the square, 5, fixation 
on midpoint of bottom line F, projection of fixation point, VM, vertical 

meridian. 

inevitable that the “completion” occui s in some other, undam¬ 
aged, area of the cortex—and that it cannot, consequently, be a 
field process. 

Next, consider some of the anatomical properties of the visual 
cortex m v^hich the field piocess must occur 

There is a point-to-point coirespondence between the retina 
and the visual cortex, or area 17 (Lasliley, 1934, Polyak, 1941) 
Thus there is an isomoiphism of the visually stimulating suiface 
with the resulting excitation in aiea 17, and both the theories 
that we are examinmg assume that this fact accounts for the per¬ 
ception of a square, for example, as a distinctive whole But 
theie are definite limits to what isomorphism can account for in 
perception 

Figure 4 represents roughly the patterns of coitical excitation 



Clinical and Anatomical Evidence 53 

that are aroused by looking at different parts of the same pat¬ 
tern, a square These show how hard it is to suppose that the 
perception of a square, as distinct fiom other quadiilateials, is 
determined by the shape of the isomorphic excitation in aiea 17, 
since that shape varies so much 

(Theie aie undoubtedly major errors in the figure, which is 
based on a diagiam by Polyak [1941, figuie 100] Polyak made 
no attempt to represent coiiesponding retinal and cortical points 
in detail, the necessary evidence foi doing so is actually not in 
existence. Polyak’s diagiam also deviates m some lespects from 
his text, which is piesumably the moie accuiate, his figure 100, 
for example, shows the ‘central fovea” half as wide as the “cen¬ 
tral area,” wheieas his text, pp 230-231, suggests that the diffei- 
ence in size is greater Figuie 4 follows his diagram, not the 
text Finally, the human visual aiea cannot be lepiesented ac¬ 
curately as a flat sheet ) 

Figuie 4 IS only roughly accuiate, it seems ceitain, howevei, 
that the distortion, in the pattern of cortical excitation, that oc¬ 
curs when fixation is changed from one to anothei pait of the 
figure is at least as great as that diagiammed If the data of 
Marshall and Talbot (1942, p 134) had been used instead, the 
discrepancies would have been gieatei. FmUieimoie, a differ¬ 
ence in size (m teims of letinal angle) between two squaies 
would produce even gi eater changes in the shape of the coitical 
excitation^ although squaies of diffeient size aie also supposed 
to derive their common identity fiom the distiibution of excita¬ 
tion m area 17 

The reproduction of retinal patterns in area 17 is topological, 
not topogiaphical, and if identity weie completely detei mined 
by the shape of the coitical excitation, regaidless of what the 
fixation pomt may be, the perceived properties of a squaie with 
shiftmg gaze or at different distances should change maikedly— 
remammg, it is true, a quadrilateral (topological lepioduction 
provides for this), but not retaining the same piopoitions That 
is, errors should occui, in the peiception of quadiilateials, which 
do not occur, or in the perception of triangles, and so on A 
circle in one angle of regaid should be confused with an oval 
in another angle One might postulate a differential cell den¬ 
sity to correct the distoition of topogiaphical lelations which I 
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have diagrammed, but there is no support fiom histological 
study of area 17 to support this od hoc assumption, and I can 
find no way of doing it for one pattern wliich would not mean 
an even greater distortion for another. 

However, another way of dealing with this obstacle for field 
theory has been proposed by Kohler and \Vallach (1944), who 
suggest that a differential “satiation” or fatigue would correct the 
anatomical distortion of the cortical retina This proposal will 
be considered with other aspects of their theory of figural after- 
effects, 

THE THEORY OF FIGURAL AFTER-EFFECTS 

Kohler and Wallach (1944) have proposed a nev/ treatment 
of perception winch is in some lespccts veiy attiactive and deals 
with a certain set of facts very elBciently On the othei hand, 

I believe that the theory is inconsistent with some of the facts 
reported by Kohlei and Wallach themselves, and that it cannot 
be consideied to have disposed of the anatomical difficulty that 
has just been discussed 

Following some original expeiiments by Gibson, Kohlei and 
Wallach have studied certain peculiar fatigue effects resulting 
from prolonged inspection of visual objects The method of 
experiment is this. The subject keeps his eyes fixed, foi some 
two to three mmutes, on a single “fixation point” in a laige sur¬ 
face on which a diagram is also presented The fixation point 
is determmed by the experimentei so that the “inspection figure” 
stimulates a particulai pait of the letma Then, after the in¬ 
spection period, the subject looks at a second suiface, again with 
a fixation pomt determined by the experimenter, which is placed 
so that a “test figure” on this second suiface also stimulates a 
paiticulai part of the letina. Thus in figure 5 aie represented 
both an mspectron and a test figure, superimposed so that one 
can see the relationship between the retinal projection of each 
The fixation pomt is shown by a small x, the inspection figure 
(at which the subject stared fiist) is the large rectangle marked 
I, and the test figure is the set of four small squares each 
marked T, These four squares are so placed that two fall in a 
region of greatei fatigue or “satiation,” near the boundary of the 
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rectangle, and two fall farther away, allowing one to discover 
the changes that occur m the neighborhood of the inspection 
figure, where satiation has occurred 
When a test figure is projected on tlie retina near the place at 
which the inspection figure was projected, several effects can be 
observed in the test figure These 
effects include a color effect (fad¬ 
ing), a depth effect (apparent in- 
ciease of distance from the observer), 
and displacement effects (apparent 
change in direction of line, in posi- 
bon, 01 in size) It is tlie displace¬ 
ment effects with which we aie con¬ 
cerned here. Kohler and Wallach 
propose, first, that the basis of pei- 
ception IS the occuiience of electiic 
curients aroused by the visual ex¬ 
citation in the cortex of area 17, sec¬ 
ondly, that the fiow of these cuuents, 
m the neighborhood of the excitation, 
increases the resistance of the tissue 
through which they flow This in¬ 
crease of resistance is satiation, and 
the changes it causes in cm rent flow 
account for displacement effects 
This is on the assumption that per¬ 
ceived distance between two objects 
"varies with the degree to which 
corresponding coitical objects [ie., 
the excitations in area 17] are interrelated by then figure cur¬ 
rents” (Kohler and Wallach, 1944, p. 334) Just what this inter- 
relabon is and how it operates is not specified, but its degree 
decreases when the tissue between two aieas of excitation has 
an incieased lesistance The two corresponding objects in the 
visual field then look farther apait It is also impoitanl to ob¬ 
serve that Kohler and Wallach state explicitly (p 337) that ap¬ 
parent displacements aie not dependent on actual changes in tire 
locus of the excitations m area 17 only on an increased resistance 
to current flow in the tissue between them. 

These assumptions account economically for some of the phe- 



Kohler and Wallach, P7nc 
Amer Pint Soc, 1944, 88, 
280 Courtesy of Amcii- 
can Philosophical Society 
and of the aulhois The 
large square, J, is the "in¬ 
spection figure” to which the 
subject IS first exposed, the 
laige square is then lenioved, 
and the subject looks at the 
four smaller "test” srpiaies, 
each marked T 
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BomcncL described by ICoblei 8.nd W 3 .ll 3 .ch Other phenonien3, 
however, seem inconsistent with the theoiy Consider fiist the 
peiceived size of a figuie within an aiea of satiation, including 
the special case where the test figuie comcides with the inspec¬ 
tion figuie According to the theoiy, the perceived size of a 
squaie or circle should mciease with inci eased satiation, since 
the greater resistance to current flow between opposite sides 
should produce an ovei estimation of the distance between them 
In fact, the opposite is fiequently reported by Kohlei and Wal- 
lach when a test figuie, such as square or circle, coincides 
exactly with the locus of the previously seen inspection figure, 
its apparent size diminishes, Agam, in figure 5, the excitations 
produced by the two small test squares on the right, near the 
boundary of the inspection lectangle, are separated by tissue 
that is moie satiated than that separating excitations from the 
two small squares on the left—yet the two on the right appeal 
closer together than those on the left This difficulty fox the 
theoiy is found in the data obtained by Kohlei and Wallach 
with their figures 1, 2, 3, 4, 5, 7, 10, and so on 
The problem has been recognized by the authors and is 
briefly discussed at the end of then monogiaph (pp. 351, 356) 
They suggest two possible solutions one is that aiDpaxent size 
may be affected by the presence of a laige aiea of satiation sur¬ 
rounding the figure, as well as by the degiee of satiation within 
it (p 351), another is the possibility that an immediate self- 
satiation, by the test figure itself, may have a gieatci effect than 
immediate self-satiation plus a pie-existent satiation (p 356) If 
I understand these explanations, they may undeimme all the 
preceding argument, much as “afferent neuial intei action” under¬ 
mines Huirs theory by removing the definiteness of inference 
from his other postulates (p 15) Ceitainly these two mflu- 
ences, of immediate self-satiation and of a suiioundmg aiea of 
satiation, would have to be reckoned with in the production of 
othei phenomena, else their existence would become an ad hoc 
postulate to be used only where difficulty appears This of 
course may mean only that the theoiy needs to be woiked out 
in more detail, as Kohler and Wallach themselves have pointed 
out 
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Next, a difficulty of a somewhat diffeient kind, related to the 
anatomical distortions of the cortical retma (the difficulty for 
configuration theoiy that was discussed in the preceding sec¬ 
tion) 

To deal with the anatomical fact that objects equally spaced 
m the visual field aie not equally spaced for the coitical letina, 
the key assumption is made by Kohlei and Wallach that a pei- 
manent satiation in the peripheial coitical letina would be 
greatei than in the cortical fovea, and, accoidingly, that ana¬ 
tomical distoition such as has been diagiammed in figure 4 
would be coirected functionally The greater peiipheral satia¬ 
tion IS thought to occur as follows Contonis equally spaced on 
the letina would not be equally spaced in aiea 17, because the 
peripheral retina has a smallei coitical lepiesentation So an 
equal distribution of contours in the visual field, and conse¬ 
quently on the retina, would result m a bunching of contouis in 
the peiipheial pait of the coitical retina, and a wide sioacmg of 
contouis in the cortical macula On this argument, the closer 
spacing of contouis would pioduce a higher level of satiation in 
peiipheral vision, which would compensate for the fact that a 
given letmal angle here is lepicsentcd by a much shoitei cor¬ 
tical distance than the same angle in central vision (Kohler and 
Wallach, 1944, p 345) Although the coitical distance is shoitei, 
lesistance is higher too‘ so perceived distance remains the same 

But all this has overlooked an essential fact Acuity in cen¬ 
tral vision is very much higher than in peripheral vision, and so 
there is no basis foi assuming that the central coitical letina 
would be the site of a smaller number of excitations pei centi¬ 
meter. Kohlei and WallaclTs argument assumes, essentially, that 
all contouis in the visual field are supraliminal for the periphery, 
given this assumption, theu argument stands, but we know ac¬ 
tually that the assumption cannot be made, that many contours 
are supraliminal for central vision and subliminal for peiipheral 
vision. These contouis, subliminal at the peiiphery, would fill 
in the gaps between the more widely spaced excitations in cen¬ 
tral vision that oiiginate from contouis which are supialiminal 
for the whole visual system, peiipheial as well as cential. There 
is no evidence permitting one to be certain that the fiequcncy 
of contouis that are subliminal for the peripheral field is such 
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as to compensate exactly foi tlie greatei spacing o£ othei con- 
toms in the inaculai aiea of die visual cortex, but vs^hat evidence 
we have implies this, since diffeiences of acuity appeal to be 
closely related to the latio of centimeters of coitex per degiee 
of visual angle (Maisliall and Talbot, 1942), 

The theory of figuial after-eflects, therefoie, has not avoided 
the difficulties for configuiation tlieoiy that aie to be found in 
the anatomy of the visual cortex 

CONCLUSIONS 

The conclusions that have been arrived at concerning field 
theory and equipotentiality, in this and the pieceding chapter, 
may be summarized as follows The examination of these theo¬ 
ries of peiception was undeitaken m the first place because no 
way could be found of dealing with attention and attitude, m 
terms of the configuiational hypothesis This still stands as an 
essential weakness, which by itself would justify a search for 
some othei approach to peiception On closer inspection, how- 
evei, one also finds that configuiation theory has flaws even in 
the treatment of perception itself, and some of the flaws are 
serious It is not possible to reject the theory finally, for an 
answer may be found for each of the objections that have been 
laised, and the alternative treatment that is proposed m the two 
following chapters has its own difficulties and shoitcomings-it 
is in fact because my theoiizing about perception is m some re¬ 
spects implausible that I am obliged to emphasize weaknesses in 
othei theoiies, just as later (in Chapter 8) a rather vague treat¬ 
ment of motivation is bolsteied up by tiying to show that Huirs 
alternative is not as precise as it seems 
The fundamental difficulty with configuration tlieoiy, broadly 
speaking, is that it leaves loo little loom foi the factor of expe¬ 
rience It makes difficulty in seeing how learning can occur 
(paiticularly, peiceptual learning), and in seeing how autono¬ 
mous central processes can exist and influence behavior Asso¬ 
ciation (as distinct from conditioned reflex) theory, on the other 
hand, may make it possible to adopt a halfway position in which 
advantage of some of the obvious values both of 
configuratiomst and of connectionist theories 



Conclusions 59 

It IS impoitant as psychology comes of age to avoid, if pos¬ 
sible, the extreme positions that have often been adopted m the 
discussions of the past. It is consequently relevant here to point 
out that a laige pait of the oiiginal thesis of the configuration- 
ists (the Gestalt gioup, Lashley, Tolman, et al ) has already 
been accepted and is fully made use of in current theoiizmg, 
and also that the theoiy to be piesented in the following chap¬ 
ters IS explicitly designed to deal fiom the fiist with the piob- 
lems of form peiception and attention oi set—pioblems whose 
existence has been most msisted on m lecent yeais by the con- 
figurationists—as well as those pioblems of learning and memory 
emphasized by learnmg theoiists Thus the present argument 
IS based at least as much on Gestalt as on learnmg theoiy 

The curient debate between these two theoiies cannot be 
undei stood on the assumption that they aie utteily opposed to 
each other It is rathei to be seen as like the lunning battle 
between the Left and the Right in governmental policy* the 
Left contmually msisting on the inadequacy of piesent theory, 
working to broaden and elaboiate the conceptual armament of 
the experimenter, the Right insisting always on the dangers of 
bemg too free with changes that may open the doois to anunism, 
on the impoitance of demonstiable evidence and intelligible 
definitions, and on the necessity of fully exploiing the ideas 
we have now befoie iejecting them as insufiBcient But in this 
conflict, as in the political one, it will be found ovei any 
great period of time that the Right (in cuiient psychology, 
learning theory) has adopted again and again the ideas oiigi- 
nally advocated by the Left (cuiiently configuiatiomsm), once 
they are pioperly aged and found not to have spoiled Thus 
modem learning theory is '‘sophisticated”, it deals freely in 
ideas that weie once anathema to it—ideas of giadients, gener¬ 
alizations, mteraction among afferent piocesses as well as the 
classical afferent-efferent action, and so on. Obviously both 
Left and Right are needed foi the development of psychology, 
though it may be easy for the configuiationist to forget the 
value of the systematizing and scaich foi iigor made by his 
opponent, or for the learning theoiist to forget where some of 
his ideas origmally came from. 



The Tint Stage of Perception: 
Growth of the Assembly 

This chapter and the next develop a schema of neural action 
to show how a rapprochement can be made between (1) per- 
cepbial generalization, (2) the permanence of learning, and_(3) 
attention, deteimmmg tendency, or the bice It is proposed first 
that a repeated stimulation of specific leceptors wdl lead slowly 
to the foimation of an “assembly” of association-area cells which 
can act briefly as a closed system after stimulation has ceased, 
this prolongs the time during which the stiuctuial changes of 
learnmg can occur and constitutes the simplest instance of a 
repiesentative process (image oi idea) | The way in which this 
cell-assembly might be established, and its characteristics, are 
the subject matter of the present chaptei. In the following 
chapter the inteiielationships between cell-assemblies aie dealt 
with, these are the basis of temporal organization in central 
processes (attention, attitude, thought, and so on). The two 
chapters (4 and 5) construct the conceptual tools with which, 
m the following chapters, the problems of behavior are to be 
attacked. 

The first step in this neural schematizing is a bald assumption 
about the structural changes that make lasting memory possible. 
The assumption has repeatedly been made before, in one way 
or another, and repeatedly found unsatisfactory by the critics 
of learning theory I believe it is still necessary As a result, I 
must show that in another context, of added anatomical and 
physiological knowledge, it becomes more defensible and more 
fertile than m the past. 

iThe assumption, m brief, is that a growth process accompany¬ 
ing synaptic activity makes the synapse more readily traversed. 
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Dual Trace Mechanism 


, This hypothesis of synaptic lesistances, however, is diffeii 
from eailiei ones in the following respects (1) structuial cuTr-"** 
nections are postulated between single cells, but single cells aie 
not effective units of tiansmission and such connections would 
be only one factor deteimming the duection of tiansmission, 
(2) no dnect senson-motor connections aie supposed to be 
established in this way, in the adult animal, and (3) an inti¬ 
mate relationship is postulated between leverbeiatoiy action 
and stiuctuial changes at the synapse, implying a dual tiace 
mechanism. 

THE POSSIBILITY OF A DUAL TRACE MECHANISM 

Hilgaid and Maiquis (1940) have shown how a leveibera- 
toiy, transient tiace mechanism might be pioposed on the basis 
of Loiente de No’s conclusions, that a cell is fiied only by the 
simultaneous activity of two or more affeient fibers, and that 
inteinuncial fibers aie arranged in closed (potentially self-excit- 
ing) circuits Then diagiam is airanged to show how a revei- 
beiatoiy cncuit might establish a sensori-motoi connection be¬ 
tween leceptoi cells and the effectois which cany out a condi¬ 
tioned response Theie is of course a good deal of psycho¬ 
logical evidence which is opposed to such an ovei simplified 
hypothesis, and Hilgaid and Maiquis do not put weight on it. 
At the same time, it is important to see that something of the 
kmd IS not merely a possible but a necessary inference from 
certain neurological ideas To the extent that anatomical and 
physiological observations establish the possibility of re\cibeia- 
tory after-effects of a sensory event, it is established that such 
a process woul(^ be the physiological basis of a transient 
"memory” of the stimulus. There may, then, be a memory trace 
that IS wholly a function of a pattern of neural activity, inde¬ 
pendent of any structural change. 

Hilgaid and Maiquis go on to point out that such a trace 
would be quite unstable A reverberatory activity would be 
subject to the development of lefiactory states in the cells of 
the cucuit in which it occurs, and external events could readily 
interrupt it We have already seen (m Chapter 1) that an 
"activity” trace can haidly account for the permanence of early 
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learning, but at the same time one may regard i^everbeiato^ 
activity as the explanation of other phenomena ' 

There are memories which are instantaneou% established, 
and as evanescent as they aie immediate In the repetition of 
digits, for example, an mteival of a few seconds is enough to 
prevent any interference from one senes on the next Also, 
some memoiies are both instantaneously established and peima- 
nent To account for the peimanence, some structural change 
seems necessary, blit a stiuctural giowth presumably would re- 
qiine an appreciable time. If some way can be found of sup- 
posing that a reverberatory tiace might cooperate with the 
structural change, and carry the memoi ij until the groioth change 
is made, we should he able to recognize the theoretical value 
of the trace which is an activity only, without having to asciibe 
all memory to it The conception of a transient, unstable rever¬ 
beratory trace is theiefore useful, if it is possible to suppose 
also that some more peimanent structural change icinforces it 
Tliere is no reason to think that a choice must be made between 
the two conceptions, there may be traces of both kmds, and 
memories which aie dependent on both. 

A NEUROPHYSIOLOGICAL POSTULATE 

(Let us assume then that the peisistence or lepetition of a re¬ 
verberatory activity (or ''tiace”) tends to induce lasting cellular 
changes that add to its stability. The assumption * can be pie- 
cisely stated as follows When an axon of cell A is neai enough 
to excite a cell B and repeatedly or persistently takes pait in 
firing it, some growth process or metabolic change takes place 
in one or both cells such that As efficiency, as one of the cells 
firing B, is increased ) 

The most obvious and I believe much the most probable 
suggestion concerning the way in which one cell could become 
more capable of firing another is that synaptic knobs develop 
and increase the aiea of contact between the afferent axon and 
efferent soma. (“Soma” lefers to dendiites and body, or all of 

* See p 229 for a further discussion of this point and an elaboration of 
the assumption made concennng the nature of memory 
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the cell except its axon ) Theie is certainly no diiect evidence 
that this IS so, and the postulated change if it exists may be 
metabolic, afEecting cellulai ihythmicity and limen, oi there 
might be both metabolic and structuial changes, including a 
limited neurobiotaxis Theie aie seveial considciations, how¬ 
ever, that make the growth of synaptic knobs a plausible con¬ 
ception The assumption stated above can be put moie defl- 
nitelyl as follows j 

f 'Vhen one cell repeatedly assists in filing another, the axon 
the first cell develops synaptic knobs (oi enlarges them if 
they already exist) in contact with the soma of the second cell 
This seems to me the most lilcely mechanism of a lasting effect 
of reverberatory action,, but I wish to make it cleai that the 
subsequent discussion depends only on the moie generally 
stated proposition italicized above 
It is wise to be explicit on another point also, The pioposi- 
tion does not lequire action at any great distance, and certainly 
is not the same as Kappers’ (Kappers, Huber, and Ciosby, 
1936) conception of the way in which neurobiotaxis contiols 
axonal and dendiitic outgrowth But my assumption is evi¬ 
dently related to Kappeis’ ideas, and not inconsistent with 
them fThe theory of neuiobiotaxis has been severely criticized, 
and clearly it does not do all it was once thought to do On 
the other hand, neurobiotaxis may still be one factor determin¬ 
ing the connections made by neural cells If so, it would 
cooperate very neatly with the knob formation postulated above 
Criticism has been directed at the idea that neurobiotaxis di¬ 
rects axonal growth tluoughout its whole course, and that the 
piocess sufficiently accounts for all neural connections. The 
idea IS not tenable, paiticulaily m view of such woik as that 
of Weiss (1941h) and Sperry (1943). 

But none of this has shown that neurobiotaxis has no influ¬ 
ence in neural growth, its opeiation, within ranges of a centi¬ 
meter or so, IS still plausible Thus, in figure 6 (Lorente de 
N6, 1938ffl), the multiple synaptic knobs of fiber 2 on cell C 
might be outgrowths from a fiber passing the cell at a distance, 
and determined by the fact of repeated simultaneous excita¬ 
tions m the two Again, the course followed by fiber 7 in the 
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neighborhood of cell D may include deflections from the 
original course of the fiber, detei mined m the same way. 

The details of these histological speculations are not impor¬ 
tant except to show what some of the possibilities of change at 
the synapse might be and to show that the mechanism of learn¬ 
ing discussed in this chapter is not wholly out of touch with 
what IS known about the neuial cell The changed facilitation 
that constitutes learning might occui in othei ways without 
affecting the rest of the theoiy To make it moic specific, I 
have chosen to assume that the giowth of synaptic knobs, with 
or without neuiobiotaxis, is the basis of the change of facilita¬ 
tion from one cell on anothei, and this is not altogethei im¬ 
plausible. It has been demonstrated by Aivanitaki (1942) that 
a contiguity alone will permit the excitation aioused in one cell 
to be tiansmitted to another Theie aie also eailiei experi¬ 
ments, 1 eviewed by Aivanitaki, with the same implication 
Even moie impoitant, perhaps, is Eilangei's (1939) demonstra¬ 
tion of impulse tiansmissibn acioss an aitificial "synapse,” a 
blocked segment of neive more than a millimetei in extent 
Consequently, in the intact neivous system, an axon that passes 
close to the dendrites oi body of a second cell would be capable 
of helping to fire it, when the second cell is also exposed to 
othei stimulation at the same point The probability that such 
closely timed coincidental excitations would occui is not con¬ 
sidered foi the moment but will be letuined to When the 
comcidence does occui, and the active fibei, which is meiely 
close to the soma of another cell, adds to a local excitation in 
it, I assume that the ]oint action tends to produce a thickening 
of the fibei—forming a synaptic knob—or adds to a thickening 
alieady present 

Lorente de No (1938a) has shown that the synaptic knob is 
usually not a teiminal stiuctuie (thus the term "end foot” oi 
"end button” is misleading), nor always separated by a stalk 
fiom the axon or axon collateral If it weie, of couise, some 
action at a distance would be inevitably suggested, if such con¬ 
nections are formed in learning The knob instead is often a 
lather iiregulai thickening in the unmyelinated pait of an axon 
near its ending, where it is threading its way thiough a thicket 
of dendiites and cell bodies The point in the axon where the 
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thickening occurs does not appear to be determined by the 
structure of the cell of which it is a part but by something ex¬ 
ternal to the cell and related to the presence of a second cell. 
The number and size of the knobs formed by one cell m con¬ 
tact with a second cell vary also In the light of these facts it 
IS not implausible to suppose that the extent of the contact 
established is a function of ]omt cellulai activity, given propin¬ 
quity of the two cells 

Also, if a synapse is crossed only by the action of two or more 
afferent cells, the implication is that the greater the area of con¬ 
tact the greater the likelihood that action m one cell will be 
decisive in firing anotlier.* Thus thiee afferent fibers with 
extensive knob contact could flie a cell that otherwise might be 
fired only by foui or more flibeis; or fired sooner with knobs 
than without 

In short, it is feasible to assume that synaptic knobs develop 
with neural activity and represent a lowered synaptic lesist- 
ance It is implied that the knobs appear in the course of 
learning, but this does not give us a means of testing the as¬ 
sumption. There is apparently no good evidence concerning 
the relative frequency of knobs in infant and adult biains, and 
the assumption does not imply that theie should be none in the 
newborn infant The learning referred to is learning in a very 
general sense, which must certainly have begun long before 
birth (see e g, the footnote on pp 121-2) 

^ One point should perhaps be made explicit PoUovving Lorente de N4, 
two afferent cells are considered to be effective at the synapse, when one 
IS not, only because tlieir contacts with tlie efferent cell are close together 
so their action summates When both are active, they cieate a laiger 
region of local disturbance m the effeient soma The larger the knobs m 
a given cluster, therefore, the smaller the number that might activate the 
cell on which tliey are located On occasion, a single affeient cell must be 
effective m transmission It is worth pointing this out, also, because it 
^ might appear to the reader otherwise that theie is something mysterious 
about emphasis on the necessity of activity in two or more cells to activate 
the synapse All that has really been shown is that m some ciicuinslances 
two or more afferent cells are necessary. However, this inevitably implies 
that an increase in the number of afferent cells simultaneously active must 
increase the reliability with which the synapse is traversed 



Conduction from Area 17 


67 

CONDUCTION FROM AREA 17 

In order to apply this idea (of a structural leinforcement of 
synaptic transmission) to visual perception, it is necessary first 
to examine the known piopeities of conduction from the visual 
cortex, area 17, to areas 18, 19, and 20 (In view of the criti¬ 
cisms of aichitectoiiic theory by Lashley and Clark [1946], it 
may be said that Brodniann^s areas aie lefeiied to heie as a 
convenient designation of lelative coitical position, without sup- 
posmg that the areas are necessarily functional entities oi always 
histologically distinctive ) 

It has already been seen that theie is a topological leproduc- 
tion of letinal activities in aiea 17, hut that conduction from 17 
to 18 is diftuse. Von Bonin, Carol, and McCulloch (1942) have 
found that a localized excitation in 17 is conducted to a laige 
pait of 18, a band lying along the margins of 17. Theie is no 
pomt-to-point coriespondence of 17 and 18 Excitation fiom 18 
IS conducted back to the nearest bolder region of 17, to all paits 
of aiea 18 itself, and to all paits of the contialateial 18, of aiea 
19 (lying anteiior to 18), and of area 20 (in the lower part of 
the temporal lobe). 

The diffusity of conduction from aiea 17 is illustiated by the 
diagram of figuie 7 Cells lying in the same pait of 17 may 
conduct to different points in 18 The cells in 18, thus stimu¬ 
lated, also lead to points in 18 itself which aie widely sepaiated, 
to any pait of the ipsilateial aieas 19 and 20, and, thiough one 
synapse, to any pait of the contialateial 19 and 20 Conversely, 
cells lying m difetent pcuts of 17 or 18 may have connections 
with the same point in 18 or 20. 

Thus theie is conveigence as well as spread of excitation. The 
second point illustrated by figure 7 is a selective action m 18, 
depending on the conveigence of fibers from 17 In the figure, 
F and G are two cells in area 18 connecting the same macro¬ 
scopic areas F, however, is one that happens to be exposed to 
excitations from both A and B (two different legions in area 
17) When an aiea-17 excitation includes both A and B, F is 
much moie likely to be fired than G The figuie does not show 
tlie short, closed, multiple chains which are found in all parts 
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of the cortex and whose facilitatmg activity would often make 
it possible for a single fiber from B to fire G But the same 
sort of local bombardment would also aid in firing F, and the 
cell which receives excitations from two area-17 fibers simul¬ 
taneously would be more likely to fire than that winch receives 
excitation from only one. 



FiGxniE 7 Illustrating convergence of cells in Brodmann's area 17 upon 
cells in area 18, these cells in turn leading to other areas A, B, C, tliree 
grossly distinct regions m area 17, D, E, F, G, H, cells in area 18 See text 

On the other hand, when B and C (instead of A and B) are 
excited simultaneously, G would be more likely to fire than F 
Any specific region of activity in area 17 would tend to excite 
specific cells in area 18 which would tend not to be fiied by the 
excitation of anothei region in 17. These specific cells in 18 
would be difiusely ananged, as far as we know at random 
They would be usually at some distance from one another and 
would always be intermingled with others which are not fired 
by the same afferent stimulation, but because of then lasting 
structural connections would tend always to be selectively ex¬ 
cited, in the same combination, whenevei the same excitation 
recurs in area 17 This of course would apply also in aieas 19 
and 20. Since a single point in 18 fires to many points through- 
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out 19 and 20, excitation of any laige number of area-18 cells 
means that conveigence in 19 and 20 must be expected How 
often it would happen is a statistical question, which will be 
deferred to a later section. 

The tissues made active beyond aiea 17, by two different 
visual stimuli, would thus be (1) giossly the same, (2) histo¬ 
logically distmct. A diffeience of stimulating pattern would 
not mean any gross diffeience m the part of the brain which 
mediates perception (except in the afferent structures up to and 
including aiea 17, the visual coitex). Even a completely uni¬ 
lateral activity, it should be noted, would have diffuse effects 
throughout areas 18, 19, and 20 not only on one side of the biain 
but on both. At the same tune, a difference of locus or pattern 
of stimulation would mean a difference in the particular cells in 
these areas that aie consistently or maximally fired. 

MODE OF PERCEPTUAL INTEGRATION THE 
CELL-ASSEMBLY 

In the last chapter it was shown that there are impoitant 
properties of perception which cannot be ascribed to events in 
area 17, and that these aie piopeities which seem paiticulaily 
dependent on learning That ‘'identity’" is not due to what hap¬ 
pens m 17 is strongly implied by the distortions that occiu m 
the projection of a letinal excitation to the cortex When the 
facts of hemianopic completion are also considered, the conclu¬ 
sion appears inescapable Perception must depend on othei 
structures besides area 17. 

But we now find, at the level of area 18 and beyond, that all 
topographical organization in the visual process seems to have 
disappeared. All that is left is activity in an irregular ariange- 
ment of cells, which are intertangled with others that have noth¬ 
ing to do with the perception of the moment. We know of 
course that perception of simple objects is unified and determi¬ 
nate, a well-organized process. What basis can be found for an 
integration of action, m cells that are anatomically so disor¬ 
ganized? 

An answei to this question is provided by the structiual 
change at the synapse which has been assumed to take place in 
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learning. The answer is not simple; perceptual integration 
would not be accomplished directly, but only as a slow devel¬ 
opment, and, for the purposes of exposition, at least, would in¬ 
volve several distinct stages, with the first of which we shall 
now be concerned. 

The general idea is an old one, that any two cells or systems 
of cells that aie repeatedly active at the same tune will tend to 
become “associated ” so that activity in one facilitates activity in 
the other, The details of speculation that follow are intended 
to show how this old idea might be put to work again, with the 
equally old idea of a loweied synaptic 'Resistance,” under the 
eye of a diffeient neurophysiology from that which engendered 
them, (It is perhaps woith while to note that the two ideas 
have most often been combined only ni the special case in 
which one cell is associated with anothei, of a highei level or 
order in transmission, which it fires, what I am proposmg is a 
possible basis of association of two alleient fibers of the same 
ordei—in principle, a sensori-sensoiy association,* in addition to 
the linear association of conditioning theoiy ) 

The proposal is most simply illustrated by cells A, B, and C 
in figure 8 A and B, visual-area cells, aie simultaneously ac¬ 
tive The cell A synapses, of couise, with a laige niimbei of 
cells in 18, and C is supposed to be one that happens to lead 
back into 17. Cells such as C would be those that pioduce the 
local wedge-shaped area of firing m 17 when a point in 18 is 
strychnmized (von Bonin, Carol, and McCulloch, 1942) The 
cells m the region of 17 to which C leads aie being filed by the 
same massive sensory excitation that fires A, and C would almost 
necessarily make contact with some cell B that also fires into 18, 
or communicate with B at one step removed, thiough a short- 
axon cucuit. With repetition of the same massive excitation m 
17 the same firing lelations would recur and, according to the 
assumption made, growth changes would take place at synapses 
AC and CB This means that A and B, both afierent neurons 

* It should be observed, however, that some theonsts have continued to 
maintain tliat “S-S” (sensori-sensory) associations aie foimed in the learn- 
ing process, and have provided experimental evidence that seems to estab- 
hsh the fact. See, e g, Brogden, J Exp Psychol , 194Y, 37, 527-539, and 
earlier papers cited therein 
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of the same oidei, would no longei act independently of each 
otliei 

At the same time, in the conditions of stimulation that aie 
diagrammed in figure 8, A would also be likely to synapse (di¬ 
rectly, 01 via a slioit closed link) with a cell D which leads 
back into an unexcited pait of 17, and there synapses with still 
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Figure 8 Cellt. A and B lie m a legion of aiea 17 (shown by hatching) 
which IS massively excited by an afleient stimulation C is a cell in area 
18 which leads back into 17 E is m aiea 17 but lies outside the icgion of 
activity See te\t 

Figure 9 A, B, and C are cells in area 18 which are excited by conveiging 
fibers (not shown) leading from a &iiecific pattern of activity in area 17 
D, E, and X are, among the many cells luith lohtch A, B, and C have con¬ 
nections, ones which would contribute to an integration of their activity 

See text 

another cell E of the same order as A and B The synapse DE, 
however, would be unlikely to be travel sed, since it is not like 
CB exposed to concentiated afferent bombardment Upon fre¬ 
quent repetition of the paiticulai excitation in area 17, a luiic- 
tional relationship of activity in A and B would increase much 
more than a relationship of A to E 
The same consideiations can be applied to the activity of the 
enormous number of individual cells in 18, 19, and 20 that aie 
simultaneously aroused by an extensive activity in 17 Here, it 
should be observed, the evidence of neuionography implies that 
there are anatomical connections of eveiy point with every other 
point, withm a few millimeters, and that theie is no ordeily ar¬ 
rangement of the cells concerned 
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Faguie 9 diagiams tlnee cells, A, B, and C, that aie effectively 
fired m 18 by a paiticulai visual stimulation, fiequently repeated 
(by fixation, for example, ou some point in a constant distant 
envnonment) D, E, and X lepiesent possible connections 
which might be found between such cells, dnectly or with in¬ 
tervening links Supposing that time relations in the flung of 
these cells make it possible, activity in A would contiibute to 
the filing of E, and that in B to filing C and D Growth changes 
at the synapses AE, BC, BD, and so on, would be a beginning 
of integiation and would inciease the piobability of cooidinated 
activity in each pair of neurons 
The fundamental meaning of the assumption of giowth at the 
synapse is in the effect this would have on the tuning of action 
by the effeient cell The inci eased area of contact means that 
filing by the efferent cell is moie likely to follow the lead of the 
affeient cell A fibei of oidei n thus gains laci eased control 
ovei a fiber n + 1, making the filing of n 1 moie piedictable 
01 determinate The contiol cannot be absolute, but " optional” 
(Loiente de No, 1939), and depends also on othei events m the 
system In the present case, however, the massive excitation m 
17 would tend to establish constant conditions thioughout the 
system duiing the brief peuod of a single visual fixation; and 
the postulated synaptic changes would also increase the degiee 
of this constancy. A would acqune an incieasmg conliol of 
E, and E, with each repetition of the visual stimulus, would fire 
more consistently at the same time that B is filing (B, it will be re¬ 
called, IS directly controlled by the aiea-17 action). Synaptic 
changes EB would theiefoie result Similaily, B acquires an 
increasmg contiol of D, and whenevei a cell such as D happens 
to be one that connects again with B, thiough X, a closed cycle 
(BDXB) is set up. 

It IS, however, misleading to put emphasis on the coincidences 
necessary for the occurrence of such a simple closed cvcuit 
Instead of a ring or hoop, the best analogy to the sort of struc- 
tuie which would be set up oi “assembled” is a closed solid 
cage-work, or thiee-dimensional lattice, with no legulai struc¬ 
ture, and with connections possible from any one intei section to 
any other. Let me say explicitly, again, that the specificity of 
such an assembly of cells tn 18 or 20, to a particular excitation 
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The Cell-Assembly 

in 17, depends on convergences Whenever two cells, diiectly 
01 indnectly conti oiled by that excitation, conveige on anothei 
cell (as E and X conveige on B in figuie 9) the essential con¬ 
dition of the present schematizing is fulfilled, the two conveig- 
ing cells need not have any simple anatomical or physiological 
lelation to one anothei, and physi¬ 
ological mtegiation would not be 
supposed to consist of independent 
closed chains 

This has an impoitant conse¬ 
quence. Loiente de No (1938b) 
has put stiess on the fact that ac¬ 
tivity in a short closed cncuit must 
be lapidly extinguished, and could 
baldly peisist as long as a hun- 
diedth of a second It is haid, on 
the other hand, to see how a long, 
many-linked chain, capable of 
longei revel beiation, would get 
established as a functional unit. 

But look now at figuie 10, which 
diagiams a diffeient soit of possi¬ 
bility Allows repiesent not neu¬ 
rons, but multiple pathways, of 
whatever complexity is necessary 
so that each aiiow stands foi a 
functional unit These units fiie in 
the order 1, 2, 3, 15 The pathway labeled (1, 4) is the fiist 

to file, and also the fouith, (2, 14) fires second and fouiteenth, 
and so on The activity 1-2-3^ is m a relatively simple closed 
ciicmt. At this point the next unit (2, 14) may be iefiactoi)% 
which would effectively extinguish leveibeiation in that simple 
circuit But at this point, also, anothei pathway (5, 9) may be 
excitable and peimit activity in the largei system to continue in 
some way as that suggested by the numbeis in the figuie The 
sort of iiiegulai thiee-dimensional net which might be the ana¬ 
tomical basis of peiceptual integration in the association aieas 
would be infinitely more complex than anything one could show 
with a diagiam and would provide a large number of the multi- 
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Figure 10 Arrows repiesc^nt a 
simple “assembly” of neural 
patliways or open multiple 
chains firing according to the 
numbers on each (the pathwav 
“1, 4” fires first and fourth, and 
so on), illustrating the possibil¬ 
ity of an “alternating” rever¬ 
beration which would not ex¬ 
tinguish as readily as that in a 
simple closed circuit 
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pie parallel (oi alteinate) units which aie suggested by figure 
10. If so, an indefinite levciberation in the stiuctuie might be 
possible, so long as the baclcgiound activity in other cells in the 
same gross region remained the same. It would not of course 
remain the same for long, especially with changes of visual fixa¬ 
tion, but such considerations make it possible to conceive of 
"alternatmg'' reverberation which might frequently last for 
periods of time as great as half a second or a second 

(What I have in mind, in emphasizing half a second oi so as 
the duration of a reverberatoiy activity, is the obseived dura¬ 
tion of a single content m perception [Pillsbuxy, 1913, Bormg, 
1933] Attention wandeis, and the best estimate one can make 
of the duration of a single ‘conscious content” is of this time- 
order ) 

This then is the cell-assembly Some of its chaiactenstics 
have been defined only by implication, and these are to be de¬ 
veloped elsewhere, particularly in the lemainder of tins chapter, 
m tire following chapter, and in Chaptei 8 (see pp 1 9^5-7 ). The 
assembly is thought of as a system inheiently involving some 
equipotcntiality, in the presence of alteinate pathways each 
having the same function, so that brain damage might lemove 
some pathways without preventing the system fiom functioning, 
particularly if the system has been long established, with well- 
developed synaptic knobs which deciease the numbei of fib_grs 
that must be active^ at_ once to_trave^se a synapse 

STATISTICAL CONSIDERATIONS 

It must have appealed to the leadei who examined figures 
8 and 9 carefully that there was something unlikely about its 
being arranged at the Cieation to have such neat connections 
exactly where they were most needed for my hypothesis of per¬ 
ceptual integiation The answer of couise is statistical the 
nmirons diagrammed ^weie those which happen to h ave _ such 

large enough population of connecting 
fib ers distiibuted at random^ the^impiobable connection must 
become quite fiequent, m absolute numbers The next task is 
to assess the statistical element m these calculations, and show 
that probability is not stretched too far. 
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The diagiams and discussion of the pieceding section require 
the fiequent existence of two kinds of coincidence. (1) syn¬ 
chronization of filing in two or moie converging axons, and (2) 
the anatomical fact of conveigence in fibeis which aie, so fai 
as we know, aiianged at landom The necessity of these coin¬ 
cidences sets a limit to postulating functional connections ad lib, 
as the basis of integiation. But this is not leally a difficulty, 
since the psychological evidence (as we shall see) also implies 
that theie aie limits to peiceptual int egiation 

Considei fiist the enoimous fiequency and complexity ol the 
actual neural connections that have been demonstiated histo¬ 
logically and physiologically One is apt to think of the neuial 
cell as having peihaps two or thiee oi half a dozen connections 
with other cells, and as leading from one minute point m the 
cenlial neivous system to one other minute point This impies- 
sion IS fai from the tiuth and no doubt is due to the difficulty 
of lepresenting the tiue state of affaus in a printed diawing 

Forbes (1939) mentions foi example an estimate of 1300 
synaptic knobs on a single anteiior hoin cell. Loiente de N6*s 
drawings (1943, figuies 71-73, 75) show a complexity, in tlie 
ramification of axon and dendiite, that simxoly has no ielation 
whatever to diagiams (such as mine) showmg a cell with one 
or two connections. The gross extent of the volume of coitex 
infiltiated by the collaterals of the axon of a single neiuon is 
measured in millimeters, not m micions, it certainly is not a 
single point, microscopic in size. In aiea 18, the stiychnine 
method demonstiates that each tiny aiea of cortex has connec¬ 
tions with the whole region (These aieas are about as small 
as 1 sq mm , accoidmg to McCulloch, 1944Z? ) I^uts^np great 
s^ain on probabilities to suppose that theie would be, in area 
18, som e anatomical connection of any one cell, excited by a 
partic ular visual st i mula t ion, with a numbei of qtheis excited m 
tlie~same way . ^ 

Theie is, therefoie, the anatomical basis of a gieat numbei of 
c onverg ences _among the rnultitude of coitical cells duectly oi 
induectly excited by any massive letinal activity Thus is to be 
kept in mmd as one approaches the physiological question of 
synchiomzation in the conveiging fibeis. In the tiidimensional, 
lattice-like assembly of cells that I have supposed to be the basis 
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of perceptual integration, those intei connecting neurons which 
synapse with the same cell would be functionally in parallel. 
Figure 10 illushates this. The pathways labeled (1, 4), (8), 
and (13), converging on one synapse, must have the same func¬ 
tion in the system, or the two-link pathway (5, 9)-(6, 10) the 
same function as the single link (2, 14). When impulses in one 
such path are not effective, tliose in anothei, ai riving at a dif- 
feient time, could be. 

Once moie, the ovei simplification of such diagrams is highly 
misleading At each synapse there must be a consideiable dis- 
peision in the tune of arrival of impulses, and in each individual 
fibei a constant vaiiation of responsiveness; and one could never 
piedicate a determinate pattern^f action ui any small segment 
ortEe~s3^tenr” In theJarger system, however, a statistical con¬ 
stancy might be quite predictable | 

It is not necessary, and not possible, to define the cell- 
assembly underlying a peiception as being made up of neuions 
all of which are active when the proper visual stimulation oc- 
cuis One can suppose that there would always be activity in 
some of the group of elements which aie in functional parallel 
(they are not of course geometiically paiallel). When foi 
example excitation can be conducted to a paiticular point in the 
system from five difteient directions, the activity chaiacteiisfac 
of jh^syst em as a whole might be maintained by excitation m 
any three of the five pathways, a^ no one fibei w^uld have~to 
be synchionized with any othei one fiber 

There would still be some necessity of synchionization, and 
this has another aspect In the integration which has been 
hypothesized, depending on the development of synaptic knofis 
and an increasing probability of coiitiol by affeient ovei efferent 
fibers, there would necessarily be a giadual change of the fie- 
quency charactei istics of the system The consequence would 
be a soit of fiactionation and leciuitment, and some change in 
the neuions making up the system That is, some units, capable 
at fiist of synchionizing with others in the system, would no 
longer be able to do so and would diop out “fractionation" 
Others, at fiist incompatible, would be lecruited With per¬ 
ceptual development there would thus be a slow growth in the 
assembly, understanding by “growth” not necessaiily an increase 
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ir) the numbei of constituent cells, but a change. How great 
the change would be there is no way of telling, but it is a 
change that may have importance for psychological pioblems 
when some of the phenomena of association are consideied. 

This then is the statistical approach to the pioblem It is 
directly implied that an “association” of two cells in the same 
region, or of two systems of cells, would vary, in the probability 
of its occurrence, over a wide range If one chose such paus 
at random one would find some between which no association 
was possible, some in which association was promptly and easily 
established when the two were simultaneously active, and a 
large proportion making up a gradation from one of these ex¬ 
tremes to the other. The larger the system with a determinate 
general pattern of action, the more readily an association could 
be formed with another system On a statistical basis, the moie 
points at which a chance anatomical convergence could occui, 
the greater the freq uency o f effect ive interf ac ilita tion between 
the two assemblies ^ 

'j^sydboiogically, these ideas mean (1) that there is a pio- 
longed peiiod of integration of the individual perception, apait 
from associatmg the perception with anything else, (2) that an 
ai^ciation between two perceptions is likely to be possible only 
after each one has independently been organized, oi integiated; 
(3) that, even between two mtegiated peiceptions, there may 
be a considerable variation in the ease with which association 
can occur, Fmally, (4) the appaient necessity of supposmg 
that there would be a “growth,” or fractionation and lecruit- 
ment, m the cell-assembly undeilying peiception means that 
there might be significant differences m the pioperties of pei¬ 
ception at difl:eient stages of integration One cannot guess 
how great the changes of growth would be, but it is conceiv- 
a Sie, even prob able, that if one knew where to look for the evi- 
den ce one would fin d m aiked differences of identity in the per- 
c eptions of chfi d and adult \ 

The psychological implications of my schematizing, as far as 
it has gone, have been made explicit in ordei to show biiefly 
that tliey are not contrary to fact We are not used to thinking 
of a simple perception as slowly and painfully learned, as the 
present chapter would suggest; but it has already been seen, in 
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the discussion of the vision of the congenitally blind after opeia- 
tion, that it actually is The slowness of learning, and the fre¬ 
quent instances of total failure to learn at all in periods as 
great as a year following operation (Senden, 1932), are extraor¬ 
dinary and incredible (if it were not for the full confirmation by 
Riesen, 1947). The principles of learning to be found in psy- 
chological textbooks are derived from the behavior of the half- 
grown or adult animal Our ideas as to the readiness with 
which association is set up apply to the behavior of the devel¬ 
oped organism, as Boring (1946) has noted, there is no evidence 
whatevei to show that a similarly prompt association of sepaiate 
perceptions can occur at bnth-that it is mdependent of a slow 
process in which the perceptions to be associated must first be 
integrated 

"^s to the wide range m difficulty of associatmg two ideas or 
perceptions, even for the adult, this is psychologically a matter 
of common experience Who has not had trouble remembeimg, 
in spite of repeated efforts, the spellmg oi pronunciation of some 
word, or the name of some acquamtance? The fact of the un¬ 
equal difficulty of associations is not stiessed m the literature, 
probably because it does not fit mto conditioned-iefiex theory, 
but it IS a fact. My speculations concerning the nature of the 
trace and the aborigmal development of perception thus aie 
not obviously opposed to the psychological evidence Further 
evaluation can he postponed until the speculations have been 
fully developed. 



5 . Perception of a Complex: 
The Phase Sequence 


The reader will remember that what we are aiming at here is 
the solution of a psychological problem To get psychological 
tlieoiy out of a difficult impasse, one must find a way of recon¬ 
ciling three things without recourse to annnism, perceptual 
generalization, the stability of memory, and the instabilities of 
attention As neurophysiology, this and the pieceding chapter 
go beyond the bounds of useful speculation. They make too 
many steps of inference without experimental check As psy¬ 
chology, they are part of a preparation for experiment, a search 
for order in a body of phenomena about which our ideas aie 
confused and contiadictory, and the psychological evidence does 
provide some check on the inferences made here. 

Although this discussion is not anchoied with sufficient neu¬ 
rophysiological evidence, it still has a compass. It is guided 
tliroughout by the necessity of conforming to the concrete evi¬ 
dence of behavior, and any virtue it may have deiives from 
coordinating the two sources of information. The details of 
these two chapters, speculative as they are, have to be given 
foi two reasons. 

Fust, competent psychologists have asserted that field or con¬ 
figuration theory is the only conceivable solution of the prob¬ 
lems of behavior The argument is stronger when a physiolo¬ 
gist such as Sherrington (1941), without benefit of field theory, 
can find no possible way of reducing "mind’—which must be the 
control of behavior—to neural action. The aigument is even 
strengthened by the vagueness of Hull’s tieatment of percep¬ 
tion “afferent neural mtei action’’ and generalization gradients 
have the smell of brimstone about them and, when they are 
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made specific, in neurological terms, may turn out to be only a 
new form of field theory (just as Pavlovs waves of inhibition 
and excitation are field theory) Improbable as Kohlers theory 
of electrical fields may be, hard as it may be to reconcile Lash- 
ley's theory of interference patterns with the anatomical and 
clinical evidence, these writers still have a powerful argument 
for holdmg psychology to what I believe is a blind alley, so long 
as it lemams tiue that an alternative explanation cannot be 
elaborated m enough detail to be conceivably an account of real 
processes. 

So one must speculate But theie is a second reason for the 
form of the discussion m these two chapters In speculating, 
one can at least be specific enough so that, when further ana¬ 
tomical and physiological information is made available to the 
psychologist, the errors of earlier speculation such as this will 
be apparent at once, and the necessary changes cleaily indi¬ 
cated. 

In this chapter, accordingly, the new foundation for associa¬ 
tion theory is to be completed The piecedmg chaptei dealt 
only with the effects of a single visual stimulus, with a constant 
retinal projection. We can next ask how the several effects of 
a vauable stimulation may be combined, or associated. 

LINES AND ANGLES IN PERCEPTION 

It has already appeared that the corners of a lectilinear figure 
are of special impoitance in first vision The first ciude per¬ 
ception of an object m the visual field as distinctive, as having 
identity, seems to be i elated to the sharp inflection of contouis 
and the direction of line Senden describes the congenitally 
blmd patient, after operation, as frequently not bemg able to 
distinguish (for example) square from circle; but when the dis¬ 
tinction is made, it is thiough a search for corners, apparently 
as foci in an otherwise amoiphous mass of light. Theie is also 
evidence of an immediate distinction between nariow strips of 
light, when one is vertical and one horizontal in the visual field. 
Here again the perception of identity m such objects is defec¬ 
tive, smce the patient is extremely slow to learn names foi the 
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two visual patterns, although he can name hoiizontal and ver¬ 
tical at once by touch 

From Lashley’s expeiiments, it is also evident that line and 
angle dominate the rat's perception of patterns We may there- 
foie considei that these things aie among the elements from 
which moie complex perceptions develop. “Perceptual element" 
IS meant to contrast shaiply with the punctate sensoiy elements 
of classical association theoiy, on the one hand, and, on the 
other, the term does not imply that the peiception of line and 
angle is fully mnate There is a prolonged leainmg period be- 
foie these “elements” are promptly and clearly perceived, eithei 
by rat or man. 

The evidence on this point concerning man is to be found m 
Sendens (1932) compilation and has been cited eailier, some 
evidence follows which indicates that the lat also has to learn 
to see lines distinctively. 

Eighteen rats reared m complete darkness (Hebb, 1937a) 
weie tiained, following Lashley s procedure exactly, to disciimi- 
nate hoiizontal from vertical lines. The only compaiable data 
foi normal animals are fiom Lashley (1938&), who gives a mean 
of 21 trials foi normal learning of this disci immation. The mean 
number of trials foi the rats reared in darkness was 129, six 
times as great, with a range from 40 to 190 These animals had 
been trained first to jump to an open window, and then to dis¬ 
criminate black and white cards (as were Lashley's animals) 
before being trained with the horizontal and vertical strrations. 
In subsequent tests they behaved like normal animals, showing 
that the slow original leainmg with striations was not due to 
structural defects. 

It IS to be observed, in this experiment, that the range of 
learning scores overlapped the normal range Some animals 
reared in darkness learned as quickly as some normally i eared 
Also, in preliminary experiments, two animals showed a prompt 
but not completely consistent disci imination of horizontal and 
vertical line These facts fit with Senden's, for human subjects, 
very closely, they indicate that both lat and man have a ciude 
immediate perception of a difference between the hoiizontal and 
vertical, but that the identity of these peiceptions is radically 
improved with experience. 
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It may not be necessary to seek fai for a physiological under¬ 
standing of the primitive significance of line and the shaip fii- 
flection of line. In their stimulating statistical approach to the 
problem of visual acuity, Maisliall and Talbot (1942) have dis¬ 
cussed a mechanism of summation at the borders of the projec¬ 
tion of a visual excitation m aiea 17. In the absence of other 
influence, the heightened activity coriesponding to the maigin 
of a figure might dommate the total piocess Walker and 
Weaver (1940) have shown a direct control of eyemovement by 
peripheral stimulation of the visual coitex The movement is in 
such a direction that the light souice which produced such a 
peripheral activity would be fixated. In view of Walkei and 
Weavers work, Maishall and Talbofs discussion suggests that 
there would be a tendency to fixate, successively, vaiioiis parts 
of the contour of an object Also, with the inteisection oi lines 
there may be a fuitlier summation of the border effects, so that 
the foci of greatest activity aioused by a pattern in the visual 
field would conespond to its coiners 

It IS important to observe that the figure made up of straight 
Imes, instead of megular cuives, has special physiological prop¬ 
erties When one pomt of a straight Ime is fixated, every point 
to one side of the fixation tends to aiouse exactly the same di¬ 
rection of eyemovement, and every pomt m the line on the other 
side exactly the opposite direction. At times the two vectois 
may balance, but often they will not It follows that there is 
a strong tendency for the eye to make a sweep along the line, 
m one direction or the othei, and, as the sweep is made, at the 
moment when a coiner is reached the stimulation of the intei- 
sectmg line is at the maximum, since at this moment every pomt 
in the second line has the same vector, for a new duection of 
eyemovement. It appeals from these considerations that the eye 
would tend to seek out the contours of a figure and follow them— 
irregulaily, and with reversals, it is true, and subject to disturb¬ 
ance by other events, but it seems that such a tendency must 
exist. 

It IS also important to note that every movement of the eye 
in a single direction, for whatever reason, stimulates a "iidge” 
of activity m area 17 corresponding to the projection of a straight 
line, wherever the visual field contains a point of light. Except 
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in the special case of a field consisting of unifoim parallel stria- 
tons, every change of fixation from one point to another means 
that rows of cells m area 17 aie excited together or left unexcited 
together. From the assumptions of the preceding chapter, the 
first visual learning would to a gieat extent be the integration 
of the effects, m the peristiiate region, of the action of such rows 
of cells in the stiiate region. This is a furthei emphasis on the 
importance of straight lines m perception, and, as I have argued 
(m Chapter 3), makes it possible to assume, from such a con¬ 
stant and extended tiammg, that the chaiacteiistics of adult 
tachistoscopic vision may be accounted foi by a learning piocess 

Lines and angles, then, can be treated as peiceptual elements, 
not fully mnate in perception, but partly so, and likely to be 
learned before more complex patterns are. A veiy mcomplete 
analogy will seive here as a mnemonic device, to help keep in 
mind the different processes that entei into perceptual leainmg 
If line and angle are the bricks fiom which form perceptions 
are built, the piimitive unity of the figuie might be regaided as 
mortal, and eyemovement as the hand of the buildei The 
analogy is poor because the bricks contain moitar, they grow 
while they are being used, and the house may change beyond 
recognition as it is bemg bnilt Nevertheless, two things must 
be kept in mmd Fust, the primitive figure-giound lelationship 
stressed by the Gestalt psychologists lemains of fundamental 
impoitance even though one lecognizes that it is not the be-all 
and end-all of peiception. Secondly, one may agree with Lash- 
ley and the Gestalt psychologists that motor activity in itself 
cannot possibly explain the oi ganization of perception and nevei- 
theless recognize that it has an essential lole. Bricks alone aie 
not enough for building, nor yet is mortar. 

A triangle then is a complex entity in peiception, not primi¬ 
tive As a whole, it becomes distinctive and recognizable only 
after a prolonged learning period in which theie is a good deal 
of leceptor ad]ustment~head-and-eye movement—as the psycho¬ 
logical evidence of Chaptei 2 showed From the point of view 
we have now ailived at, the difficulty of explaining the experi¬ 
mental facts of pattern equivalence has been gieatly i educed. 
Similar triangles of unequal size, a solid and an outline tiiangle, 
even a solid plain triangle and one cucumscribed with a circle 
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(Lashley, 1938&) contain a number o£ identical elements—lines 
and angles with the same orientation (For some readers, "‘iden¬ 
tical elements” will be an invitation to battle: let me say again 
that these are not the sensoiy elements of the classical dispute ) 

It IS of course still necessary to show how these elements, the 
parts of the figuie, are mtegiated m peiception. This I shall try 
to do next, taking an example that is as simple as possible The 
present schema of perception and peiceptual leainmg deals only 
with the case in which changes of visual fixation and some loco¬ 
motion occur freely The pioblem is to show how the variable 
stimulation which lesults from such movements can have a 
single eSect, the peiception of a single, deteimmate pattern. 

MOVEMENTS DURING PERCEPTUAL INTEGRATION 

In the perception of a triangle, there are thiee nodal points in 
the pattern on which fixation would be made repeatedly A 
single fixation point was assumed m discussmg perceptual inte¬ 
gration in the last chapter. Let us next try to elaborate the 
schema to provide explicitly for movement of the eyes, and for 
those movements of the whole animal that produce variations m 
the size of the retinal projection of the stimulatmg pattern 

The account of neural integration now needs to be elaborated 
in three respects (1) The activity m the peiistiiate, temporal, 
and other association areas of the cortex, that is aroused by 
fixation on any one of the three corneis of the triangle ABC 
(figure 11), IS always accompanied by motor piocesses which 
control the changes of fixation to the other corners (2) Because 
of these changes, the integration of activity in area 18 and be¬ 
yond occurs without constant conditions of excitation m aiea 17, 
when for example B is fixated, which cells will be excited in 18 
is determined m part by the precedmg activity in 18, and this 
varies according to whether the piecedmg fixation was on A or 
on C, (3) Finally, each of the three retinal patterns produced 
by fixation on the corners of the triangle is itself variable, with 
different distances of the animal from the stimulus object. 

To show as simply as possible what these thiee pomts involve, 
suppose now that an animal sees a tiiangle lepeatedly, having 
had no previous visual expeiience and having no other stimula- 
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tion at the same time. Disregard any changes of background 
activity in the biain, apart from those mduced by the changes 
of fixation mentioned, and, as a final simplification, treat the 
three angles A, B, and C of figure 11 as the only perceptual ele¬ 
ments involved: that is, disregard fixation on the sides of the 
triangle, and the peiception of the lines as distinctive entities. 
The thiee changes to be made 
in tlie schema now can be dealt 
witli one by one. 

L First, the concomitant mo¬ 
tor excitation with fixation on 
A, as lepresented in figure 11, 

B and C falling outside the mac- 
ulai field, the peripheral stimu¬ 
lation of B and C excites two 
motor responses simultaneously. 

The excitation may of couise be 
subliminal, particulaily at die 
fiist moment of fixation on A, 
since a fixation often cnduies for 
an appreciable time The lela- 
tive strengths of the motoi com¬ 
ponents of the excitation aroused 
by B and C can be supposed to 
be the same, statistically, as 
shown by die vectors (the length of the arrows) m the figuie 
At any one moment, variations of excitability would make one 
dominant ovei die other, but one can suppose that on the aver¬ 
age they are equal. Looking at A would be followed by looking 
at B about as often as C. 

In the normal adult animal, at least, the contiol of the duec- 
tion and extent of eyemovement is accurate within quite narrow 
limits and does not woik through a senes of gross approxima¬ 
tions. This means that the neuial activity leading to the motor 
centers, before an eyemovement begins, is determinate, and 
specific to the locus of the penpheial stimulus. Fixation on A, 
then, has two effects* one “centrar (ic, the aiousal of specific 
cells in the peustiiate and temporal regions, without a direct 


c 



Figube 11 The triangle ABC is 
seen with fixation on the point A 
The macuhu field is represented by 
tlie hatched circle, so that the 
points B and C fall in penpheral 
vision Arrows represent tlie dnec- 
tion and strengtli of eyemovement 
tendencies aroused by tlie stimula¬ 
tion from B and C 
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motor significance), and one primarily motor {ie, the arousal 
of specific fibers in a pathway that is not known but which 
originates in the visual coitex and which presumably involves 
the frontal eyefields [Claik and Lashley, 1947]). 

These two effects, central and motor, correspond roughly to 
a dichotomy of the total excitation in area 17, The central 
effects are mainly determined by the part of the excitation fall¬ 
ing in the macular zone, where acuity is greatest and the motor 
components least, the motoi effects, by the peiiplieial part of the 
excitation, wheie acuity is poor, the ratio of cortical cells to de- 
giees of visual angle least, and the motor lunen lowest (Walker 
and Weaver, 1940). 

If the cells in area 18 and beyond which aie aroused by fixa¬ 
tion on A are designated by the letter a, the composition of a 
IS determined by the whole tiiangle, but the angle A has a dis¬ 
proportionately great influence because it falls in the field of 
central vision, Millimeter foi millimeter, the part of the triangle 
which falls on the macula excites more coitical cells Thus the 
mam determinant of the central effect of fixating A is the angle 
A itself, rather than B oi C We shall also find that this influ¬ 
ence of A in organizing the neuial stiuctuie a must be fmther 
increased if the triangle is seen at a variable distance, but it is 
important to lemember that a is defined oiigmally as made up 
of the cells in the association areas of the coitex that aie acti¬ 
vated, not by A alone, but by the whole triangle when fixation is 
on A 

In the same notation, b and c are aroused by fixation on B 
and C The distinction of a fiom b is a distmction of the exci¬ 
tations aroused with two letinal projections of the same figure 
In brief, the angle A is the mam determinant of the structure a, 
but not the only one, while B and C, when A is fixated, are the 
mam determinants of the subsequent motor response 

As the mtegration of a, b, and c proceeds, repeated fixation on 
the three corners of the tiiangle slowly establishes three diffuse, 
irregular cell-assemblies (Chaptei 4), each of which is capable 
of acting momentarily as a closed system As this goes on, the 
activity of each structure would at all stages of its development 
be accompanied by two specific motor excitations Activity in a 
occurs m the constant presence of a liminal or subliminal exci- 
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tation tending to move the eyes to the right (fixating B, figure 
11) or upwards and to the right (fixating C). Fiom the assump¬ 
tions of the preceding chapter, this means some mutual facilita¬ 
tion between a and the motor activity in question Psycho¬ 
logically, in the particular limited conditions of the schema, per¬ 
ception of the triangle with fixation at one coiner would involve 
a set to look at one of the other two coiners (facilitation by a 
of the motor responses, stiengthening the motor facilitation fiom 
B and C), and a sensorily aroused change of fixation from A 
to B would pioduce an expectancy of seeing the tiiangle with 
fixation at B (facilitation from the motor activity, arousing or 
reinforcing activity in b)^ 

2* The second point (on which the schema as it appeared in 

* That IS, when the animal looks at B after looking at A, the assembly h 
IS excited in two ways centrally, by the facilitation from a and from the 
motor activity, and sensorily, by B itself In these ciicumstances, the two 
facilitations would ]ust about coincide m time '‘Expectancy” imphes that 
die central facilitation definitely precedes the sensory, so it would be bettei 
to speak here of attention (central reinforcement of a sensory pioccss) 
But the same process is called expectancy when the sensory reinforcement 
is delayed 

The later chapters will consider the interaction of sensory and cenhal 
facilitations, and the disturbing effect on behavior when they conflict or 
when an expectancy fails to get sensory reinforcement In a thoioughly 
familiar environment, the two facilitations would be synchionized, mainly 
because of the motor links m the central “phase sequence” discussed in the 
following pages The facilitation of a is equally on b and on c, so a might 
arouse either one But the cortical motor activity that results m looking 
from A to B IS specific to h, and the animal will not “expect” to see the 
point C 

None of tlrese relationships can be so precise outside of this schema, but 
the principles can hold Central and sensory processes will stay more or 
less in synchrony in a familiar environment, both because of the motor links 
in the central sequence, and because the facilitation of a perception X will 
not be specific to another particular perception Y unless X was invariably 
followed by Y in past experience—the sight of an unsupported object, and 
the sound of a crash But a sequence of visual sensations which is not 
organized by one’s own eyemovements can be veiy disturbing to behavioi, 
as the occasional case of seasickness at the movies shows Again, the sight 
of a large body of calm water is not disturbing in a strange landscape, 
where one’s expectancies are not specific, but would be very much so if it 
followed a movement of the head and eyes toward a place where one had 
always seen dry land These points are developed further in Chapter 7 
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the last chapter must be modified) has to do with an interfer¬ 
ence between the supiasensory effects of fixation on diffeient 
points m the stimulating pattern 

It was proposed that the cells which are excited in area 18, by 
the first visual stimulation, aie determmed by chance anatomical 
convergences. Those which aie active when the angle A is 
looked at must, on a statistical basis, include some which are 
active when B or C is looked at The number of convergences 
in common would also be increased by any overlap m the retmal 
projections of a figure Consequently, when A and B, or B and 
C, are looked at in close succession, there must be an influence 
of the one activity, in the peristriate region, on the next When 
B is looked at, some cells in 18 will be active if A was looked 
at just before, but not if C was, others inhibited, or refractory, 
followmg a look at A In the early stages of the visual develop¬ 
ment, there must be an interaction between a, B, and c, which 
in this schema amounts to an mterfeience In the ordinary 
course of perceptual learning, evidently, where the eyes are first 
opened on the complications of an oidmary room without the 
artificial limits of the schema, the amount of interference be¬ 
tween the fiist peiceptual activities must be much gieater*^ 
The interference has to be fully recognized here if the schema 
is to have any theoretical value later, 

Such an interfeience, it seems, can occur only in the first 
stages of perceptual development and would disappear later 
It is important to recognize it, however, since it affects the 
course that mtegiation takes In terms of the notation used 
above, the organization of the structure a (excited by fixation on 
A) must pioceed mainly in cell groups (effective units of trans¬ 
mission) which are reliably excited whenever fixation is on A, 
whether B or C, or neither, had been fixated just before I have 

* And the resultant generalization o£ perception will be greater also In 
this schematizing, the conditions of visual learning have been simphfied to 
an absurd degree, but the ideas that emerge fiom it can be applied to be¬ 
havior an more natural circumstances The initial interference between the 
three primary visual habits epitomizes a relationship between a much larger 
number of habits in real perceptual development The larger number of 
habits means that each one will be more an abstraction, less a perception 
of a paiticular angle (or hne) m a particular setting 
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emphasized that theie must be fractionation and recruitment, or 
growth, as the mdividual closed cell-assembly becomes physio¬ 
logically organized When the giowth occurs in a vaiiable back¬ 
ground of visual stimulation, those cells which are affected by 
the variability would not be consistently active at each repeti¬ 
tion of the specific stimulus which excites the assembly, and 
therefoie would not be part of it In other words, as growth 
proceeds in a, b, and c, fractionation would eliminate elements 
that are active only when a ccitain fixation has pieceded, and 
those which are inactive following any paiticular fixation Ac¬ 
tivity m a can therefore occur independently of b or c, once the 
integration of these assemblies is complete. 

In general terms, what has ]ust been discussed is the case in 
which sensory events recur in random order in a short time 
inteival, as one must suppose visual fixations to do The alterna¬ 
tive is a fixed sequence of sensory events, which of course also 
happens m normal perceptual development The difference be¬ 
tween the two cases is instructive 

Using the same notation, let us consider foi a moment what 
would be the result of looking at A, B, and C always in the same 
order. (A is now a “signal” for B, and B for C, but this is not 
an analogue of the conditioned reflex in the hypothetical con¬ 
ditions of the schema, B occurs only following A; in the classical 
conditioning procedure, B is an event such as feeding which 
follows A, the conditioned stimulus, but which also occurs at 
other times ) With a fixed Older of stimulation, activity in the 
assembly b occuis always in the same setting, the after-effects 
of activity in a The stiucture b theiefore would include 
transmission units whose activity is especially facilitated by a, 
whereas, when stimulation occuis at random, b must be made 
up of units that are independent of the preceding activity. 
Also, when activity in a, B, and c occurs always in that older, 
no reverberation in a can be expected to coexist and be inde¬ 
pendent of activity m B, but must fuse with it. Any reverbera¬ 
tory after-effects which arc not extinguished by the changed 
sensory influx are constantly present duiing the physiological 
integration of B and could not be distmct from it. 

When fixation is at random among A, B, and C, however, we 
have seen that fractionation would tend from the first to keep 
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the structures h, and c distinct, and make activity m h pos¬ 
sible without piecedmg facilitation from a. This leaves the pos¬ 
sibility that the three assemblies, once integrated, could still 
develop the interfacilitation that is discussed below, while the 
thiee are independent in the sense that one can be active apait 
from another, or that two may be active at the same time 

3 The third pomt, on which the schema as it was developed 
in the last chapter is to be elaborated, concerns the eflFect of a 
variable distance of the animal fiom the stimulus object The 
result must be an increased importance of the part of the pat¬ 
tern which falls in the field of central vision 

Wlien an animal looks at any pait of a rectilmear pattern 
while moving toward it, the excitation aroused by the part 
looked at, falling in central vision, remains constant The lest 
of the excitation, in the peripheral field, vanes steadily. If the 
point of fixation is, say, the midpoint of one of the sides of the 
figure, the locus of the retinal pi ejection of that line does not 
change, except to be extended at each end If an angle of a 
triangle is fixated, as in figure 11, the piojection of two lines 
and their mtersection m the macula is unchanged as the animal 
moves closer to the figure, the thiid line, and the two remaining 
intersections, move farther and farther toward the periphery of 
the visual field 

The rat in the Lashley jumping stand, learning to discriminate 
a square from a triangle, does not see the figures at a constant 
distance The retinal angular extent might vary by 50 per cent 
The variability is very much greater in a Yeikes box, wheie the 
animal runs towaid, or may back away from, a door on which 
the stimulus figuie is placed Now, using the same notation, in 
the composition of the assembly a (the oigamzed structure m 
the association areas of the biam which is aroused by looking 
at the point A in figure 11), the mfluence of the angle A, rela¬ 
tive to B and C, becomes even greatei The two lines and their 
intersection, fixated at a vaiiable distance, have a constant effect, 
the other two intersections have a variable effect and do not 
repeatedly excite the same cells m area 18 In the growth of 
a, fo, and c, fractionation would eliminate most of the cells 
whose excitation is due to the extramacular part of the figure 
This excitation would of course always coexist with the activity 
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of the organized assemblies, but it would remain unorganized 
The organized activity would have to be determined by the 
macular excitation, which, with appropriate fixation, is constant 
despite a vauable angular size of the stimulus object This con¬ 
clusion IS cleaily significant in understanding stimulus equiva¬ 
lence, as demonstrated by a rat s choice of a large triangle after 
learning to choose a small one 

THE SPATIAL HYPOTHESIS AND PERCEPTION OF THE 
REMOTE ENVIRONMENT 

My discussion is already getting pretty far from the actual 
known facts of neuial function If it is not to become fantasy, 
it must at least stick close, at every point, to the facts of be¬ 
havior Heie I digress for a moment to considei a gioup of 
facts that aie well known but have not been explamed They 
seive as a check on the present theorizing 

The preceding discussion implies that a vauable stimulation 
from the same stimulus object would letaid the late at which 
the subject could learn to perceive it de novo Some of the dis¬ 
cussion has suggested that differences of size, in terms of retinal 
angle, might not greatly affect learning, but diffeiences of pat¬ 
tern, as an iiTegular object is seen fiom diffeient dnections, 
would be more important Each giossly different pattern of 
stimulation, as the object is seen from one side or anothei, le- 
quires the establishment of a sepaiate set of cell-assemblies 
I can anticipate the discussion of the following section, and add 
that when this happens the vaiious sets of assemblies would 
giadually acquiie an mteifacilitation—if sight of the object fiom 
one angle is often followed by sight of it from another Arous¬ 
ing one set would then mean aiousmg the otheis, and essentially 
the same total activity would be aroused in each case 

Each perception would thus involve a conceptual activity (an 
activity, le, not directly contioiled by sensoiy processes) 
There is plenty of evidence m children's drawings, and in adult 
errors in perspective drawing, to show that a person looking at 
an object thinks he sees more of it than he does What he 
knows about the object appears in his drawing, as well as what 
IS visible at the moment, and the significant fact is that neither 
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child nor adult can usually say where his drawing departs from 
what IS actually presented to the sense organ 

An object seen from various aspects, then, requiies a more 
complex learning process for Its lecognition than one seen always 
from the same direction and the same distance Such learning 
should take longer, and, if we assume that a smallei number of 
cortical cells means a gieater limitation to the numbei of assem¬ 
blies that can be set up as separately functioning systems, learn¬ 
ing to recognize a variably stimulatmg object should be haidei 
for lower animals than recognizing a constant object. 

Now it happens that the visual activity of lower species is 
dominated by the perception of place This turns out experi¬ 
mentally to mean a dominance of cues from remote objects in¬ 
stead of near ones, and remote objects provrde the most stable 
and constant stimulation of the animal’s environment 

In discrimmation training, the “position habit,” which Kie- 
chevsky (1932) has called a “spatial hypothesis,” is a constant 
nuisance in animal experiments The method of training is to 
offer a choice of two alleys, or doors or windows, one of which 
leads the animal to food. He is also given a sign as to which 
one contains the food, the correct door has a black card on it, 
or a ciicle, say, the wrong one has a white card or a square 
Food, and the sign of food, aie sometimes on the light, some¬ 
times on the left. But what the rat, dog, or chimpanzee persist¬ 
ently tries to find out is somethmg different He wants to know 
whether food is always on the right, or always on the left, or 
peihaps, in desperation, whether it alternates, once right, once 
left, and so on He wants nothmg of the rarefied intellectual 
problem of the signs the experimenter has put on the doois, 
it IS only aftei repeated discouragement of the position habit— 
the attempt to find the food in some one pZace—that one can get 
him to learn anything else 

It has sometimes been supposed that this is a visual lack, or 
that the vision of lower animals is dommated by other senses 
But this interpretation is not right, for two reasons First, tire 
position habit is just as annoying when one is trying to get blind 
animals to discriminate tactual cues (Smith, 1939) or auditory 
ones (Pennington, 1938), Secondly, the perception of place 
itself IS visual, as much as kmesthetic or tactual When visual 
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cues from the distant envuonment are available, they dominate 
behavior So the dilleience between lower and higher species is 
that the lower species is more dominated by the least variable 
of the environmental stimulation, not that vision in general has 
less influence. 

This can be demonstrated strikingly in the lat The rat is first 
accustomed to feeding on a baie table. He is then taught to 
run across the table, from a fixed starting point, to a food dish 
that is always m the same place on the opposite side of the 
table The table is then rotated tlnough 90°, but nothing else 
IS changed the rat is diopped at the same place on the table, 
with the food still opposite him. He runs at least once to the 
side of the table where the food used to be, with respect to the 
room, although neither food nor food dish is there now. 

If one changes the method slightly, the dominance of room 
cues as against table cues becomes dearer Put four small 
shields on the table, one in the middle of each edge Mark the 
one that contains food by painting it white and making it laigei 
than the others Tram the rat first to run to that one only, by 
putting no food in the others Then lotate the table thiough 
90°, and put food m all four shields The rat will choose, not 
the plainly marked shield he was taught to go to, but the un¬ 
marked shield which, after rotation, now occupies the place in 
the room that the food used to occupy (Hebb, 1938a, 1938b) 

A still more striking demonstration has been mentioned by 
Lashley (1938b) and furthei investigated by several students of 
Queens Univcisity (Hebb and Williams, 1941, and further un¬ 
published expeiiments) Teach a lat to ]ump from a small 
platfoim to another one near by The second platfoim is just 
laige enough for him to land on safely, and holds food. After 
he has made ten jumps, move the second platfoim through 90° 
The rat hesitates, shows disturbance, but finally jumps—into 
space, in the foimei duection of food 

A final demonstiation that visual cues aie controlling the re¬ 
sponse can be made in a small cabinet, 6 by 6 feet squaie and 
6 feet high, in a building quiet enough to provide no auditoiy 
cues to direction. Each wall is identical with the others, and 
each contams a door The ceiling is homogeneous One door 
is opened only, and a thin curtain is hung over it to admit light 
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without allowing the animal to see outside Now the rat is 
agam taught to jump from one platform to another, m this 
cabinet. When he has learned to jump, the door that was 
opened is closed, and one in the next wall, at a 90^^ angle, is 
opened, and screened as before. Nothmg is changed but the 
more distant visual cues of the door, the nearby platfoim le- 
mains as it was, but the rat now jumps out mto space, at a 90° 
angle fiom his goal 

Why? And why is the position habit so persistent^ The an¬ 
swer seems to be that the animal mamly perceives, and responds 
to, the least-variable objects in his environment, which aie the 
ones at the greatest distance, 

The stimulation received from any object varies with the ani- 
mal's movements, but theie aie important dtffeiences that de¬ 
pend on tlie distance of that object. When the animal turns 
round, excitation is changed equally from near and far objects, 
but not when he moves from one place to another. Changes of 
position affect retinal locus, extent, and mtensity only slightly 
when the stimulus is remote, very greatly when it is near. Even 
with body rotation, the oidei m which nearby objects are seen 
has no constancy, unless the animal always turns at piecisely 
the same point But the oidcr m which distant objects aie seen 
IS the same, no matter wheie the animal is in the experimental 
apparatus 

It seems therefore to be tiue that, the more constant the 
stimulation from an object is, the more leadihj it will be iden- 
tified and lesponded to, as the schema of these chapters lequues 
This IS relevant also to the fact that as one goes up the phylo¬ 
genetic scale one finds an increasing tendency toward visual dis¬ 
crimination of objects, without special tiammg The rat shows 
no sign of distmguishmg between peisons, or between ineit 
objects visually presented, the dog often distinguishes a number 
of objects by vision, and probably a few persons, the chim¬ 
panzee IS very selective m his behavior toward a gieat many 
objects, and is clearly able to distinguish a laige number of 
persons (whom he sees often) from strangers 

The fact therefore is that perception of the mtiinsic visual 
properties of a near oi movable object is a less primitive and 
more diflBcult feat than perception of its place. This too is rele- 
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vant to the fact that spatial delayed response is obtained easily 
in monkey and chimpanzee, iionspatial only with the gieatest 
difficulty (Riesen and Nissen, 1942) 

My account in these pages evidently has a long way to go 
before the generalized human concept of a triangle, or any othei 
figure or object, is provided for, but it is essential to remember 
that the rat’s perception is also a long way lemoved from 
mans. He does not recognize the triangle he was tiained to 
lecognize if it is lotated by 60'", nor a black triangle on a white 
ground after learning a white one on a black giound. He has, 
in fact, some considerable difficulty in seeing the difference be¬ 
tween a triangle and a square when then base-lines are iden¬ 
tical. Noimal man can lecognize simple legular figuies at a 
smgle glance, but it is veiy unlikely that a lat does. When 
some change m the tiainmg figure is made, such as making it 
larger, the rat’s behavior is cleaily disturbed, while man might 
be quite unawaie of the change, and the rat often disciiminates 
only part of as simple a figure as a triangle 
None of these differences between lat and man is accounted 
for in curient theoiies of perception The critic of the account 
of perception that is offered here is likely to find it distasteful 
because it implies that with limited visual expeiience perception 
would be little geneialized. Clinical and expeiimenlal evidence, 
however, does not support the objection but shows that the 
characteristic human perception of a tiiangle is the product of 
a long experience. Thus the schema agrees with fact on this 
point and in addition has the advantage of suggesting, at least, 
why the perception of place and diiection is so prom.inent in 
animal behavior 

THE DEVELOPMENT OF SUPERORDINATE 
PERCEPTIONS 

We can now turn to the question of an integiation of the sev¬ 
eral paits of a figuie into a distinctive whole, as contiasted with 
the amorphous whole that is perceived in first vision. 

The most direct way of accounting foi the supeioidinate inte¬ 
giation is as follows, as long as this is still lecognized as fiankly 
schematic Activity in the assembly a, aroused by fixation on 



96 VercepUon of a Complex The Phase Sequence 

an angle A of a triangle, can occui independently o£ b or c. 
When Ay B, and C are looked at successively, in any order, but 
in a shoit period of tune, activity may continue by leverbeiation 
m two of the structures while the thud is sensoiily aroused 
Just such a series of fixations would be the result of the behavior 
described by Senden, as the congenitally blind patient after 
operation learns to count the corners of a square or triangle and 
becomes quicker and quicker at domg so befoie he leains to 
recognize the figuie at one glance In these cucumstances, 
conceivably, there is a frequent occurrence of activity m the 
tliree assemblies a, b, and c at the same time. These he inter^ 
laced with each other m what is grossly the same tissue of the 
cerebrum, and according to the assumptions of the last chapter 
the simultaneous activity would result in an integration of the 
three systems. 

It is perhaps necessaiy to remind the reader that the thiee 
systems do he in the same tissue, although two of the sensory 
excitations concenied are unilateral, one in one striate aiea ex¬ 
clusively, one in the other All such suprasensory systems must 
develop in parallel, in both hemisi)heres The purely sensory 
activity, up to and mcludmg area 17, is unilateral when the 
stimulating diagram falls wholly to one side of the fixation point. 
But when area 18 is strychnmized, it fires into the contialateral 
18 as well as into the ipsilateial 19 and 20 (von Bonin, Carol, 
and McCulloch, 1942). The suprasensory integration mitiated 
by a unilateral sensory event must be bilateral and consist of 
two halves, m the two hemispheres Each half has the same 
functional significance—that is, it mediates the same perception 
and facilitates the same responses—even apait from a coordinat¬ 
ing action of the corpus callosum and other cerebral commis¬ 
sures (though the development of the contralateral half depends 
on the commissures). This is evidently relevant to the clinical 
and experimental reports of slight effects from damage to the 
callosum (Bridgman and Smith, 1945), or failure to find an effect 
of unilateral extirpation of association areas, but it is important 
for the present as showing that the assemblies a (excited by a 
figure which falls wholly in the right homonymous visual field) 
and b (arising from the left visual field) are structures which 
must develop m the same gross tissues of the bram. 
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According to the assumptions made earlier, simultaneous ac¬ 
tivity in a, b, and c v^ould establish facilitation between them, 
through then chance anatomical mterconnections and the en- 
laigement of synaptic knobs An eflEective facilitation fiom one 
system on anothei means a change of frequency characteiistics 
in the system receiving the facilitation It theiefore means some 
fiactionation and recruitment m the constituent units (p 76). 
With three extensive systems involved, each facilitating action 
in the other two, these giowth changes must be consideiable 
The resulting superordinate system must be essentially a new 
one, by no means a sum or hooking together of a, &, and c In¬ 
stead of abc, which might suggest such an idea, a better nota¬ 
tion for the new stiucture is P the assembly of cells whose ac¬ 
tivity, m the schema, is peiception of the triangle as a distinc¬ 
tive whole As Gestalt writers would say, this is something other 
than the sum of its parts, but, unlike Gestalt theory, the schema 
derives the distinctiveness of the whole from perception of the 
parts. 

Now for the defects m such a formulation Supposing that 
the general idea is right, it is stdl unlikely that the synthesis of 
t fiom a, &, and c would be made as a smgle step, however 
giadual A single step would depend on simultaneous activity 
in three systems and so regimes a fiequent fixation of the three 
corners of the triangle in quick succession. Looking at two of 
the coineis only would not contribute to the integration 

A much more plausible idea is that one oi more intermediate 
stages would occui, such as an integiation of a with b before 
that of "‘ah” with c {ah is used foi bievity, though it is mislead¬ 
ing m the same way as abc in the preceding paragraph) This 
would call for simultaneous activity in only two systems at a 
time, I mention ah as the flist stage, lather than ac, because 
the hoiizontal line (AB, m figure 11) seems of fundamental 
importance in human perception, and certainly is so foi the lat 
m the usual conditions of testing The peiception of lines as 
distinctive entities has been disiegarded in this schema, in order 
to avoid a cumbious and unwieldy discussion, but as we have 
seen the peiception of lines is piimitive, as the perception of 
angles oi coineis is, and a tiianglc has six instead of the thiee 
perceptual elements dealt with by the schema. This would 
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make probable the occurrence of seveial intermediate stages 
between the perception of ‘‘elements” only, and perception of a 
distinctive total figure 

The argument up to this point can be summarized m general 
terms. Reasons have been given for believing (1) that fixation 
on each of the several paits of a figure would have an increas¬ 
ingly determmate effect, as arousmg one specific structure; (2) 
that these stuictures, each corresponding to a frequently made 
fixation, are anatomically diffuse and interlaced with one another 
in the same gross cerebral tissue, and (3) that the seveial ac¬ 
tivities may coexist, and be aroused m any order It is a reason¬ 
able inference (4) that two of these determmate actions simul¬ 
taneously would have a determinate effect, tending to excite spe¬ 
cific transmission units, and that the action of these units would 
tend to organize m the same way that the earliei established 
systems wore organized. Activity in a superoi dinate stiucture 
(m this case, t) is then best defined as being whatever deter¬ 
minate^ organized activity results from repeated activity in the 
earlier-developed or stiboidinate sUuctures giving use to it (in 
this case, a, b, and c, or “ah” and c, assuming two steps m de¬ 
velopment, and that a and b are first integrated) 

THE PHASE SEQUENCE IN PERCEPTION 

Next, let us consider the temporal relationship of activity in 
these various structures. During the development of the assem¬ 
blies a, b, and c, arousal of a as we have seen is accompanied 
by two motor activities Of these, one always becomes liminal 
(producmg a change of fixation) before & or c is sensorily 
aroused The sequence of events can be schematized as 

a-b-c-b-a-c-a-b-a- 

and so on Each of these events is associated with two specific 
motor excitations One of them at least is subliminal, and one 
becomes hminal as an event mteivening between a and b, foi 
example, or between c and a 

This “ideational” series witli its motor elements I piopose to 
call a “phase sequence” 

When the assembly t has become organized, the psychological 
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The Phase Sequence in Perception 

evidence indicates that its activity intervenes between the ac¬ 
tivities of the subordinate assemblies a, b, and c and does not 
supersede them. The sequence now becomes something like 
this 

a-b-t-a-c-t-c-t-h- 

Such complication of a simple perception has important con¬ 
sequences for theorizing The reader is briefly reminded of the 
reasons for thinking that perception of a simple pattern is not a 
single lasting state, terminated by an external event, but a se¬ 
quence of states or processes The congenitally blind patient 
after operation at fiist sees any figuie as an amorphous mass, but 
may be able with effort to count its coiners, the peiception is 
then alternately of the whole and of its parts. As the figure 
becomes a distinctive whole, theie is still the same fluctuation 
of the figure-ground relationship—attention directed now to the 
whole, now to its paits This is a phenomenon which as a matter 
of common observation is always present in perception (and in 
a ‘"concept,” as one thinks about an object), as Chapter 2 
showed, although the fact is not recognized in curient discus¬ 
sions of the figure-ground relationship Exactly the same soit 
of thmg is implied by Lashley’s inference that the rat succes¬ 
sively isolates (t e, sees as figure) various parts of a unified pat¬ 
tern before making a response 

In terms of the schema, the alternate perception of whole and 
parts is an alternation of activity among a, b, c, and t, with coi- 
responding directions of fixation (except foi the entity which 
IS accompanied by no deteiminate eyemovement, since the 
average values of the six eyemovement vectois associated with 
the three part peiceptions of the tiiangle add up to zero, but 
also fluctuate fiom moment to moment, then resultant would 
fluctuate m diiection and amount, and would produce neithei 
a fixation of gaze nor any predictable change of fixation) 

It follows that the integration of t, the basis of peiceiving a 
distinctive total figure, essentially involves a sequence of coi- 
tical events with motor components Activity in a facilitates the 
arousal of both b and c, with the appropiiate intervening eye- 
movement, and activity m b or c facilitates the arousal of a in 
the same way. Whethei b oi c is aroused followmg a would 
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depend on the momentary conditions of excitability. Activity 
in a would also facilitate that in t. In the early stages of per¬ 
ceptual development, t might be excited only after repeated ac¬ 
tivations of a, b, and c, but later (with the extensive develop¬ 
ment of synaptic knobs in the system and the consequent in¬ 
crease m the strength of facilitation) might be aroused follow¬ 
ing sensoiy activation of a alone, so that the triangle would be 
recognized with a single glance at A (figuie 11). But the ac¬ 
tivity so aroused must be transient, as we have seen, perception 
of the whole as such is momentary, and alternates with percep¬ 
tion of the various paits. Instead of an indefinitely piolonged 
reverberation, inteimpted only by some event outside the system, 
excitation in one of the assemblies a, b, c, and t is an unstable 
equilibrium which moves leadily into another phase 

The schema that has been developed lequues only that re¬ 
verberation contmue m one of these structures long enough so 
that temporal oveilap can occur. The psychological evidence 
remfoices the idea, based on the physiological evidence, that 
leverbeiation is short-lived: if the duration of an idea, or a per¬ 
ception, is the duiation of leverbeiatory activity in a closed 
system, one can say that the pattern of activity larely lasts 
without change foi as long as a second The stability of a per¬ 
ception IS not in a single persistent pattein of cerebral activity 
but in the tendency of the phases of an irregular cycle to leciir 
at short intervals 

It will be proposed in the following chaptei that the tiain of 
thought IS also a “phase sequence” of the same kind, but more 
extended, consisting of a series of phase cycles The piesent dis¬ 
cussion, besides dealing with peiception, is also meant to lay a 
gioundwork for dealing with the tempoially oiganized piocesses 
of thinking, 

THEORETICAL PROPERTIES OF THE SCHEMA 

With this we are done schematizing. It lemams to ask what 
theoretical significance the schema has, and how its ideas are to 
be applied to the development of behavioi in normal ciicum- 
stances 

Actually, all the rest of this monograph is devoted to answer- 
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ing the questions, but it will be worth while first to strike a 
tiial balance and see what has been accomplished already. 
The main conceptions used m the following chapters have now 
been developed The relationship of the schema to the follow¬ 
ing chapters will be more easily kept in mind by making its 
psychological lefeience more explicit. 

Within limits imposed by the needs of exposition, a concep¬ 
tual system has been elaboiated which relates the individual 
nerve cell to psychological phenomena A budge has been 
thiown across the great gap between the details of neuio- 
physiology and the molar conceptions of psychology The 
budge is definitely shaky m the middle, but it is well buttiessed 
at each end, and we have a psychological bridgehead which 
can be widened and which already mcludes some strategic 
points, In other words, the schema has some theoietical value 
alieady It shows, moie or less explicitly, how it is possible* 
(1) to conceive of a conjoined action of the primitive figuie- 
giound mechanism, eyemovement, and learning (specifically de¬ 
fined synaptic changes), in the development of simple percep¬ 
tions, (2) to provide for an action of set, attention, or expect¬ 
ancy, also defined physiologically, in the perceptual process, and 
(3) to provide at the same time for Gestalt completion, simi¬ 
larity, generalization, and abstraction—these, with attention also, 
being essentially diflieient aspects of the same piocess and closely 
related to association itself. 

1, The inteirelationships of eyemovement, figure-ground seg¬ 
regation, and learning are explicit m the schema. Perception 
depends on learning first to see the paits of an object cleaily, a 
process mvolvuig a senes of visual fixations, and proceeds fiom 
seeing, at fiist, an amoiphous mass containing several foci (the 
corners), to seeing a distinctive figuie at a glance Even at this 
final stage we know that perception of the whole is dependent 
on eyemovements for maximal claiity (Chapter 2) Accoidmg 
to the schema, the perception is constituted by a temporal se¬ 
quence of activity in suprasensory (or association-aiea) stiuc- 
tures, which owe their organization to changes at the synapse 
it is an iriegular cycle of recun mg events which can continue 
momentarily without the corresponding sensory stimulations, but 
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which is reinforced by them and by the appiopiiate eye- 
movements. 

2 References to set, attention, and expectancy were made in 
developing the schema, which can be more piecise here The 
term “attention” is ambiguous in the liteiature, and has several 
meanings: it may lefei (a) to the state or end lesult of attend¬ 
ing—the subjective clarity of what is attended to, or the neces¬ 
sary receptoi adjustment; (fo) to the selectivity of the piocess, 
(c) to the hypothetical agency oi process which produces the 
selectivity, and (d) to various properties of “mmd” which ap¬ 
parently cannot be defined or understood. It is in the third 
sense (c) that the term is used heie, and in the schema atten¬ 
tion may be defined as a central facilitation of a perceptual ac¬ 
tivity So used, “attention” has exactly the same meaning as a 
“perceptual set,” a process which makes one thing seen more 
leadily than another When this facilitation is effective m ad¬ 
vance of the coi responding sensory process, expectancy is said 
to occur. 

In the notation of this chaptei, activity in the cell-assembly 
a facilitates an arousal of the assemblies b and c, as well as 
facilitating two motor responses, to fixate B or C (points of the 
triangle ABC, figure 11). In one way or another, this facilita¬ 
tion has inherent in it the notions of association (the whole 
schema makes this explicit), attention, and expectancy Activity 
in b may be aroused in two ways sensorily, by looking at B, or 
centrally, by the “association of ideas ” When B is looked at 
}ust after A, activity in b is aroused in both ways, and the cen- 
tial facilitation, fiom a, is an instance of attention a central 
leinforcement of a particular sensory event. 

This illustration of the physiological meaning of attention is 
complete logically but is not particularly effective, since it does 
not make the selectivity of the piocess explicit. Oui hypo¬ 
thetical animal has not been allowed to see a variety of patterns 
as yet, among which selectivity could operate, but this will be 
clearer in a moment, m discussmg abstiaction Similarly, an 
eyemovement fiom A to B may be aroused m two ways by the 
sensory stimulation from B, oi by the facilitation from a on the 
motor system Here the selectivity of the central facilitation is 
more evident, Eyemovements may be made from A to B or 
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from A to C, and which of these is made evidently depends 
often on central events We have seen that the relative strength 
of the two motor facilitations fiom a fluctuates fiom moment to 
moment, when one becomes liminal—that is, becomes decisive m 
detei mining which eyemovement is made—the selectivity o£ the 
"motor set” is illustrated 

3 Suppose now that our hypothetical animal, aftei thoiough 
habituation to his limited environment ("limited” puts it mildly, 


(C) 



Figure 12 The triangle of 
figure 11, lacking its apex 



C 



Figure 13 The triangle of 
figure 11, circumscribed by 
a circle 


Since he was permitted no expeiience except to see a single tri¬ 
angle, at varying distances but always with the same angle of 
regard)—suppose that the animal is now tested with the two 
patterns lepiesented m figures 12 and 13 Let him first see 
figure 12, a triangle such as he is used to, but with apex missing. 
What neural processes will result, according to the schema? 

Fixation near the top of the figure will have no organized 
effect (remembei that the schema disregarded perception of 
Imes as distinctive entities, discussing the intei section of lines 
only). If the animal looks at A and B, however, the assemblies 
a and b are excited, with facilitation on each other, on c, and 
on ^ A momentary excitation in t, a perception of the whole 
triangle, is then possible. Here is an instance of Gestalt com¬ 
pletion, but derived as an associative process, with no field forces 
operating According to the schema, it could happen only with 
a simple and thoroughly familial figure (or thoroughly familiar 
part of a complex and unfamiliar figure), which agiees with the 
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experimental facts* It is evident that such a completion be¬ 
comes a simple corollary of association, once we can provide foi 
a perception of parts without denyuig the unity of the whole 

So too are similaiity, abstraction, and generalization. Given 
perception of the various parts or properties of a pattern, sepa¬ 
rately, and the possibility of an association of these perceptions 
with a perception of tire whole we have given at once the 
possibility of a single response to two patterns which differ m 
their total properties but which have a property or properties 
in common This of course is not new. What is new m the 
schema is showing how, conceivably, peiception of part and of 
whole can be related to each other and to the nerve cell, and 
to changes at the synapse. An immediate dividend is the pos¬ 
sibility of cleaily stating, in physiological terms, the meaning of 
words like abstiaction or similarity which are necessary to de¬ 
scribe behavior but which have had, to say the least, a touch 
of mystery about them. 

When the animal whose perceptual processes have been 
schematized looks at the point C in figuie 13, at the apex of the 
familiar triangle, the inteisection of the two straight lines pro¬ 
duces an organized neural activity, plus an unorganized one due 
to the unfamiliar presence of the circumsciibing ciicle In the 
notation of the schema, c is aioused, but also a new and random 
activity of cells in area 18 and beyond. To interpret the effect 
of the random firing m 18 we must fall back on the statistical 
ideas of the last chapter The number of convergences of this 
new activity on the organized cell-structure c would vary fiom 
animal to animal, since it is a chance matter, and in any one 
animal, fiom moment to moment, with variations of excitability 
in the individual unit of transmission Accordmgly, the organ¬ 
ized activity in the assembly c would sometimes be disrupted, 
sometimes not So with activities of a and h, when the other 
corners of the tiiangle are fixated. 

When the oiganized activity does occur, the triangle is ‘Tec- 
ognized”“the similarity of the figure to the familiar plain tri¬ 
angle (figure 11) IS perceived, the animal has abstracted from 
the total complex, and generalization of perception has occurred 
Here too the selectivity of attention is more evident once c is 
aroused, a fixation immediately afterward on A will be more 
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likely to arouse the organized activity of a—die sensory effect 
of the triangle is selectively leinforced by the facilitation from 
c, that of the cncle is not 

The puipose of tins schema has been to aiiive at conceptions 
diat will be as near physiological fact as possible and that will 
enable us to deal with the ceiebial control of behavior and its 
tempoial integration From this point onward, it is assumed 
that some such structure as the cell-assembly is established as 
the lesult of lepeating any particular flung combination in an 
afferent system, and that assemblies interact in some such way 
as that proposed m the schema. 

What follows is an attempt to generalize the ideas that have 
been developed in these two chapters (4 and 5), lathei than an 
attempt at ngoious explanation by means of the assumptions 
that have already been made. Two implications of those as¬ 
sumptions, however, may be made explicit, since they bioaden 
the applicability of the schematizmg to leal problems. 

1. The diffeient properties of a single sensory event may have 
separate central effects This can be conceived of as follows 
The infands hand malcmg contact with two or thiee objects in 
succession may receive fiom them stimulations which differ ex¬ 
cept in one lespect, such as the degree of pressure on the skin 
as the hand closes In the schematizing, dieie was only one 
stimulating object in the environment, m the environment of an 
actual infant, stimulation involves a number of objects and a 
cumulative effect of stimulation would be established most 
promptly by the property that several of these objects have in 
common Such a consideration makes abstraction fundamental 
in the first learnmg, thus, in the context of one group of stimu- 
latmg objects, a metal bar on the crib might contiibute only to 
the development of the perception of hardness, but, while con¬ 
tact IS bemg made intermittently with another set of objects, 
the same bar might contribute to the peiception of (tactual) 
roundness, 

2 Another aspect of sensoiy processes can be taken account 
of, m the tempoial sequence of stimulatmg conditions. The 
problem of the perception of black in the visual field, for 
example, comes fiom the fact that this is not a static perception 
determined only by an absence of light in part of the visual 
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field, but IS transient and requires temporal as well as spatial 
contrast for the full effect. A frequently repeated condition in 
the optic system is a decline of activity up to and includmg the 
lateral geniculate. Durmg such a decline, and deteimmed by 
it, there may be a predictable and selective activity in areas 17 
and 18, by cells which are not active in tlie same combination 
during equilibration or durmg an mcrease of intensity The re¬ 
peated activity of such a particular group of cells would develop 
an assembly whose activity would be the perception of black. 

In general, then, whenever a change of stimulation produces 
a transient but selective activity (that is, in certain cells only), 
in the sensory projection areas or in the neighbormg association 
aiea, the necessary conditions are provided for the formation of 
a cell-assembly Such assemblies would be the basis for per¬ 
ceiving conhasts, and the relative piopeities of stimulation of 
colder, larger, higher in pitch, and so on. By the very condi¬ 
tions determmmg then occurrence, such perceptions must be 
transient and brief but may nonetheless be definite and distinc¬ 
tive for the period of then duration. 



6. Development 
of the Learning Capacity 


In the schema of perception, motor learning got a foot inside 
the door through the emphasis on eyeraovements These move¬ 
ments were treated as having a vaiiable relationship to sensa¬ 
tion They may be elicited (1) directly, by stimulation of the 
peripheral retina, (2) less directly, by a foveal stimulus that 
arouses an assembly action, this in turn facilitating eyemove- 
ment, or (8) still less directly, through a phase sequence, oi suc¬ 
cession of assembly actions The stimulus may aiouse assembly 
fl, a then arousing c, at which pomt the motor limen may be 
low enough so that the activity of c results in overt eyemove- 
ment. 

This epitomizes the treatment to be made of motor learnmg 
The behavioral evidence shows a consideiable variation in the 
directness of sensori-motoi control Some responses have, at 
maturity, all the properties of a reflex and yet are known to be 
learned. Others remain quite unpredictable from a knowledge 
of the stimulus alone, they are, that is, determined by an mtei- 
play of sensory stimulation and the autonomous activity of the 
cerebrum (set) 

We must remember both kinds of learning' the set-influenced 
and the non-set-mfluenced The leaction against early switch¬ 
board theory and connections, and the current dogma that 
learning occuis only with special conditions of motivation, have 
both tended to diaw attention away from a kmd of learning 
that, once established, is little affected by set and does not 
seem to need reinforcement 

In the adult animal the eyeblink to a rapidly appioachmg 
object, for example, is practically m the class of a spinal reflex. 

107 
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Unlike the learned response studied in the usual experimental 
appioach, it is extremely resistant to extinction, and to distrac¬ 
tion (^external inhibition”), and, in human subjects, very hard 
to change by verbal preparation. Yet Riesen (1947) has shown 
that it is in fact a learned lesponse It is absent at the twen¬ 
tieth month in the chimpanzee reared in darkness, but then 
appears slowly with visual experience, and it is found at about 
thiee months in the normally reared animal. Such learning 
must be thought of as depending essentially on senson-motor 
connections The connections aie presumably not from specific 
receptors to specific effectois, but tliey must be lathei duect 
between alfeient and effeient systems, since the response is with¬ 
out important influence from the autonomous central piocess 
(set, attention, or the like),* 

The responses that have this propeity, however, appear to be 
acquired early. They are by no means a paradigm of learning 
in general 

At another extreme are those learned acts of the half-grown 
or full-giown animal that we call both learned and “voluntary” 
(a term that will be defined latei) They are completely sub¬ 
ject to extinction, and no matter how thoroughly learned they 
remain completely a function of set and drive. There is no pos¬ 
sibility of direct senson-motoi connections here, to understand 
such behavioi, and such learning, we shall first have to under¬ 
stand the oiganization of the controllmg cortical activity 

It IS implied that the nature of the learnmg piocess changes 
significantly with development, and the application of the ideas 
of the schema of perception to the real behavior observed in an 
experiment will best be seen in considering first the changes of 
the learnmg capacity with growth, 

* Which means that the learned eyeblmk may be about as close as mam- 
mahan learning ever gels to setting up S-R (stimulus-response) connec¬ 
tions The experimental criterion of such a response is dual its independ¬ 
ence from set and attention, and its resistance to extinction m Pavlov's 
sense This comes down essentially to a single theoretical ciiteiion the 
predictability of the response to a particular stimulation, in any circum¬ 
stances, as long as no othei physically incompatible response is aroused at 
the same tune This is what sensoii-motor connections imply But when 
a response is predictable only in the experimental apparatus, or following 
verbal preparabon, we are dealing with another class of behavior 
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Early and Later Learning 

It was possible to be specific about a hypothetical perceptual 
learning as it is not possible about the motor learnmg of the 
matuie animal. Perception is fiimly tacked down to known 
stimulating conditions, its antecedents can be discovered Motor 
learnmg at maturity, however, is conditioned by all the un¬ 
knowns of cortical action But with the schema as a starting 
pomt, and considermg some pioperties of behavior that are often 
overlooked, it will be possible to set up a tentative account of 
learnmg at maturity. 

THE RELATION OF EARLY TO LATER LEARNING 

In this section I shall bring together the behavioral evidence 
on the relationship between learning in infancy and that of the 
noimal adult animal, befoie returning m the next section to the 
question of neural mechanisms. 

It is pioposed that the characteiistics of learnmg undergo an 
important change as the animal grows, particularly in the higher 
mammals, that all learning tends to utilize and build on any 
eailier learning, instead of replacing it (Mowrer, 1941), so that 
much eaily learnmg tends to be permanent (Tinbergen, 1942; 
Hunt, 1941), and, finally, that the learnmg of the mature animal 
owes its efficiency to the slow and inefficient learnmg that has 
gone befoie, but may also be limited and canalized by it 

THE GENERAL PROPOSITION It IS of course a truism that learn¬ 
ing IS often influenced by earlier learning. Innumerable experi¬ 
ments have shown such a “transfer of tiaming'' Learnmg A 
may be speeded up, hindeied, or qualitatively changed by hav- 
mg learned B before The question for debate is how great the 
effect may be in general behavioral development (as distinct 
from the effect of some one specific habit on some other) and 
what theoietical use is to be made of it. 

McGeoch,* for example, has said: 

After small amounts of learning eaily in the fife of the individual, 
eveiy mstance of learning is a function of the already learned organi¬ 
zation of the subject, that is, all learning is mfluenced by transfer • • • 

* The psychology of human learning, copyright Longmans, Green & Co.* 
Inc , 1942, pp 445-446 By permission of the publishers 
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The learning of complex, abstract, meaningful mateiials and the 
solution of pioblems by means of ideas (reasoning) aie to a great 
extent functions of transfer Wheie the subject “sees into'* the funda¬ 
mental relations of a problem oi has insight, tiansfer seems to be a 
major contiibutmg condition. It is, likewise, a basic factor in oiigi- 
nality, the original and creative person having, among other things, 
unusual sensitivity to tlie applicability of the already known to new 
problem situations Peiceiving, at whatever level, is probably never 
free of its influence, and theie is no complex psychological event 
which is not a function of it. 

Those are strong words, and I propose that they must be 
taken literally—as presumably they were meant to be taken. 
Unless we are to regard them as just a lip service to logic and 
the known facts of behavior, they must mfluence general psy¬ 
chological theoiy piofoundly If the learning we know and can 
study, in the mature animal, is heavily loaded with transfer 
effects, what aie the properties of the original learning from 
which those effects came? How can it be possible even to con¬ 
sider making a theory of learning in geneial from the data of 
maturity only? Theie must be a serious risk that what seems to 
be learning is really half transfei We cannot assume that we 
know what leaining transfei s and what does not foi our knowl¬ 
edge of the extent of tiansfer is also derived from behavior at 
maturity, and the transfer fiom infant expeiiences may be much 
greater and more geneialized 

An example, in itself impoitant for the theory of learning, will 
also show the dangers of generalizing from adult to infant be¬ 
havior with regard to transfer A student once pointed out to 
me that James* famous expeiiment on meinoiization begged the 
question. James wanted to see if practice m memoiization 
would inciease the ability to memoiize He found it did not, 
and later writeis have found the same tiling As a result, it has 
been concluded that practice pei se has little or no transfer 
value, without instruction as to better methods of leaining But 
all this is done with adults who have had long practice already, 
and the student pointed out that the transfei effects must have 
been complete before the experiments began, and could not be 
demonstrated by the method used James (1910) used highly 
educated adult subjects, Woodrow (1927) college sophomores. 
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What would have been the lesult with subjects who had done 
no memorization before^ We do not know, but it is certainly 
quite illogical to conclude that undirected piactice has no tians- 
fer value because we find no evidence of it where there is no 
reason for expecting it Above all, it would be illogical to con¬ 
clude from this sort of evidence that the incidental learning of 
infancy has a negligible effect on latei learning 

It has already been emphasized that perception is affected by 
past expeiience (Gibson, 1929, Caimichael, Hogan, and Walter, 
1932, Leepei, 1935, Zangwill, 1937, Kiechevsky, 1938) What is 
learned is in terms of what is perceived what is not perceived 
can hardly be remembered Koffka (1935) has emphasized that 
patterns may be seen and lemembered by the arousal of "older 
trace systems’*, Woodworth (1938) says that all perceiving is 
"schema with collection,” that is, m teims of earlier perceptual 
habits How do these habits get established in the first place? 
What are the properties of the learning that sets up the "older 
tiace systems,” of learning in its first stages, before there aie any 
eailier habits to help it along^ These questions cannot be com¬ 
pletely answered at present, but even the skimpy evidence we 
have is enough to reorient the whole problem of learnmg 

THE FIRST LEARNING OF PRIMATES IS EXTREMELY SLOW, AND 
VERY DIFFERENT FROM TITAT AT MATURITY Theie aie tWO kinds 
of learning One is that of the newborn infant, oi the visual 
learning of the adult reaied in darkness or with congenital 
cataract, the other that of the normal adult I have repeatedly 
cited the behavior of the patient born blind and given his sight 
after motor (and speech) development was well along, to show 
that the first learning is extremely inefficient as far as detectable 
effects on behavioi are concerned, despite the completion of 
physical matiuation (Senden, 1932), Heie it is referred to 
once more, partly to show that the early inefficiency is not due 
to poor motivation and partly to make a comparison of man 
with other species, 

Senden reports a serious disturbance of motivation, apparently 
in all cases, at one stage of learning But this cannot be the 
main cause of the slowness of learning, for two reasons 

1 Motivation is not distuibed m the first stage, immediately 
upon beginning to use the eyes At first there is a peiiod of 
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delight, particularly m colors, and apparently a complete pre¬ 
occupation with the new expeiience 

Before long, the patient finds out how haid it is to get an 
effective use of pattern vision, The "crisis” of motivation then 
ensues Until that point there is mterest and application, tlimgs 
that aie easy to leain aie learned and not forgotten, color names 
are readily remembeied, but it takes a long appienticeship be¬ 
fore any useful or demonstrable learnmg occurs in pattern 
vision. 

Learning is evidently going on in this period, as long as tlie pa¬ 
tient contmues to keep his eyes open and makes any effoit, but 
it can hardly be demonstiated except in the later increase of 
efficiency. 

2. The second reason for denying that poor motivation ex¬ 
plains the poor learning of man, m his fiist visual expeiience, 
comes fiom the observations of Riesen (1947), His chimpan¬ 
zees, 1 eared in darkness, were certainly motivated both by 
hungei, and by their stiong drive to find and cling tightly to an 
attendant, when they were out of their livmg cages Yet there 
was no sign that either hunger or the desne to elmg had taught 
them, in 40 to 50 hours’ visual experience, how to disci iminate 
the white-clad attendant from any other part of the environ¬ 
ment Astonishing as it was, the chimpanzees appealed to be 
completely avisual at this stage of the experiment 

Moreover, m further tests, a stiong electiic shock faded in a 
dozen trials to set up any avoidance whatever of a large, dis- 
tmctive stimulus object. After a single trial, normal animals of 
the same age and in similar circumstances showed violent avoid¬ 
ance of the object with such painful properties In the slow¬ 
ness of tlieu first visual learning, man and chimpanzee are in 
the same class The human slowness is not due to defects of 
motivation, but pomts to some fundamental property of the 
learning process m primates. 

RELATIONSHIP OF LEARNING TO PHYLOGENESIS The COnduSion 
that the first learning differs radically from the later needs one 
most important quahfication. the difference depends on phylo¬ 
genetic level. 

The evidence so far has been for the higher primates only. 
It was shown in an earlier chapter that training in pattern 
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vision IS slower foi the rat reaied in darkness than foi noimal 
rats, but tlie diffeience is not nearly as great as for chimpanzee 
01 man. The rat reared in daikness is capable of a selective 
visual disci immation, definitely learned, aftei a total visual 
experience of less than 15 minutes (Hebb, 1937a, pp 113-115). 
He requiies six times as many tiials as the noimal to learn a 
disciimination of horizontal fiom veitical stripes, and twice as 
many for eiect veisus inverted triangles, but within an hour or 
so his behavioi cannot be distmguished from that of noimal 
animals As we have seen, the coiresponding time for primates 
is a matter of weeks or months 
Theie aie no comparable data for other species, but some 
insect behavioi suggests strongly that the fiist learning of the 
mvertebrate is still quickei, and much promptei in reaching full 
efficiency than the rat’s What learning ability there is seems 
to appear full-blown, with little oi no appi enticeship needed. 
The bee foi example on first emerging from a completely dark 
hive Hies off and is able to find the entiance to the hive again 
We know also that flndmg the hive depends on vision. The be¬ 
havior indicates that the insect’s learning starts out, from the 
very first, at the mature level of efficiency (Much that we 
attiibute to mstinct, because no prolonged learning is evident, 
might thus be due to learnmg that needs only a few seconds for 
its completion The associations that aie formed may be only 
ceitam ones to which the neivous system is especially adapted 
[Tmbergen, 1942, p. 82] heredity would still have an over- 
mastermg importance, but learning may nevertheless be essen¬ 
tial to some apparently mstinctive acts ) 

As we go up the phylogenetic scale, then, we find m mature 
animals an inci easing ability to learn complex lelationships, but 
also, surprisingly, a slower and slower late of learning in mfancy 
This does not refer merely to the fact that highei animals 
have a longer period of physical maturation We have always 
known that a rat grows up, and develops whatever capacities 
the adult rat has, in three months—or a dog in six months, 
whereas a chimpanzee takes ten years, and a man twenty years 
We have thought, I suppose (if the question ever came up at 
all), that this longer period of behavioral development meant 
only that maturation takes longer in the piimate, and that with 



114 Development of the Learning Capacity 

less instinct he has more to learn But the clinical and experi¬ 
mental evidence points to an additional factor Given a really 
new and unfamiliar set of sensations to be associated with motor 
responses, selectively, the first definite and cleaicut association 
appears soonei in rat than in man, and apparently sooner in the 
insect than m the lat. 

We commonly regard quick learning as the mam distinction 
of higher species, and in certain conditions this is true Normal 
man can glance once at a face and remember it for years. The 
chimpanzee Bimba was piicked once with a lancet and never 
again would permit it to be brought near hei—but with no 
avoidance of other objects of the same size or roughly the same 
propoitions * This is something completely outside the rat’s 
scope We think of it as intelligent leainmg, and are prone to 
regard it as an mnate property of the piimate bram It cannot 
be innate, however, as Riesen s evidence shows So also with 
the ability to remember faces Miner’s (1905) patient, described 
as exceptionally intelligent despite hei congenital cataract, two 
years after opeiation had leained to recognize only four or five 
faces and in daily conferences with two persons for a month did 
not learn to recognize them by vision. The human baby takes 
SIX months, the chimpanzee foui months, before making a clear 
distmction visually between friend and enemy Evidently, this 
IS a peiiod of learning as well as of matuiation not just a matter 
of waitmg until ceitam neural structures are fully grown, with 
learning then at a typical adult late. 

There have been, m geneial, two schools of thought concern- 
mg the rate of learning. The configurationists, stressing the 
importance of insight, have been inclined to hold that leainmg 
occurs as a single jump, an all-or-none affair pioceedmg by 
discrete steps (‘'noncontinuity theoiy”), their opponents, that 

^ Dr Glen Finch diary of Biinha, Yerkes Laboratories of Pnmate Biol¬ 
ogy, 1940 It IS relevant here, in discussing the nature of learning in higher 
species, to add a leference also to tlie remarkable learning capacity of 
rhesus monkeys that Harlow {Psychol Rev, 1949, 56, 51-65) has demon¬ 
strated in a long senes of experiments Harlow's whole argument, showing 
how the learning capacity may be changed out of all recognition by pro¬ 
longed experience, is a powerful remforcement of the position adopted in 
these pages 
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learning is graded in amount, built up steadily by small mcre- 
ments, and typically independent of any special factor of msight 
("continuity theory”). 

But it is impossible to avoid the conclusion that both types 
of learning occur, and that one is chaiacteristic of the mature 
animal, the other mainly of the infant. There is msightful, 
single-trial, all-oi-none learning—m the mature animal, but nevei 
in tlie mfant of a highei species Theie is a slow-incrcment 
learning in the infant, m which no trace of insight whatever can 
be found, and in the mature animal also when he has been 
reared m daikness and is learning to use vision It is reasonable 
to suppose in general that, the less familiar the situation or the 
task to be performed, the more important slow-inciement learn¬ 
ing becomes But it seems also that few situations can be set 
up m which there is nothing familiai, so that it would be very 
hard to find an instance of learning in the matuie animal in 
which there is not some effect of insight 

We are now in a position to define the relationship of the 
learning capacity to phylogenetic level There is no evidence 
to support the idea that learning in general is faster m highei 
species—even at maturity In the infant, the evidence is con¬ 
clusive that the late of the first learning is slowest in the highest 
species, quite apart fiom slowness of maturation The distinc¬ 
tive characteiistic of learning m higher species is the ability to 
handle complex relationships, and handle them as quickly as 
lower species can handle simpler ones. Man can learn to un¬ 
fasten a latch quicker than the chimpanzee, the chimpanzee 
quicker than a rat, but, if we take the learning at which each 
species is most efficient, there is no good evidence that one is 
faster than another 

Lashley (1929h) has made this point effectively After dis- 
cussmg an experiment by Pechstein m which rats and human 
subjects learned mazes of identical pattern, and in which the 
rats showed to rather good advantage—m one lespect their 
scores were better than those of the human subjects—Lashley 
goes on to point out that with simple enough habits lower spe¬ 
cies and the feeblemmded learn about as fast as normal man. 
Such habits are not retarded, in rate of foimation, by extensive 
brain damage Theie is also reason to thmk that immediate 
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incidental ineinory occurs in lower species^ and Lashley con¬ 
cludes: ''The compaiative study of leainmg in diffeient animals 
gives little evidence tliat evolution has brought any change in 
the rale of formation of the simpler habits On the othei hand, 
there is a fairly consistent rise in the limits of tiaming and m 
the formation of complex habits with ascent in the phylogenetic 
scale ” 

In summary, then, the phylogenetic changes m the learning 
capacity are as follows (1) moie complex relationships can be 
learned by higher species at matuiity, (2) simple lelationships 
are learned about as promptly by lower as by higher species, 
and (3) the first learning is shiver in highei than in lower 
species 

CONCEPTUAL DEVELOPMENT AS THE BASIS OF LEABNiNG Finally, 

befoie turning to the question of neuial mechanisms, I want to 
brmg together some of the behavioral evidence that throws light 
on how the leainmg capacity changes with giowth In general, 
it IS a conceptual development, lather than the elaboration of 
a number of specific motor responses. Perceptual oiganization 
IS also involved, but percept and concept aie mtimately related, 
and the teim "conceptual development” will do to cover both. 

The best single illustration of how one set of experiences can 
facilitate the foimation of a new habit, mvolvmg a new stimulus 
and a new response, is one that has already been given* in 
learning to distinguish chimpanzee faces and remember them 
(or of course the old example of the westeiners drfiBculty m 
lecognizmg a particular Chinese face, before be has seen many 
Chinese). Learnmg to name Pan, Jack, Prank, Don, and so on, 
makes one later able to name a new chimpanzee, Balt, much 
more quickly. The exposure to a number of individuals sets up 
some soit of conceptual type, from which individual deviations 
become very noticeable 

This soit of facilitation in learning seems quite geneial, par- 
ticulaily m what can be called intelligent (as distinct from 
rote) learning, with meaningful material That such a facilita¬ 
tion aflects intelligence-test scores was the only interpretation 
that seemed possible of certam aspects of behavior followmg 
brain injury, or m old age (Hebb, 1942a) In a later chapter 
I shall present evidence showmg that the behavioi of the blmd 
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rat IS permanently changed by earlier visual expeiiences Jack- 
son (1942) and Buch (1945) have independently shown ap 
influence of experience on the insight of young chimpanzees. 
Biich has made it clear that this does not i educe insight to lote 
learning (thus Kolilei’s classification of behavioi retains its 
value), and yet msight depends on the earlier experience 

How then does the eailiei experience work? In the very first 
stages, to judge from Riesens experiment and the material 
brought together by Senden, it operates to establish tlie per¬ 
ceptual elements discussed in Chaptei 5. These are the entities 
that make up more complex perceptions Organizmg such ele¬ 
ments in the vaiious sense modes would lay the foundation of 
all later responses to the environment Secondly, there is a 
period of establishmg simple associations, and with them con¬ 
ceptual sequences—the period m which meaning first begms to 
appear. Finally, the learning characteristic of the mature animal 
makes its appearance. 

This later learning is essentially conceptual. Even in the rat, 
maze leainmg requires the notion of the stimulus as acting to 
arouse conceptual activities, which in turn contiol motor activity 
(Lashley, 1944, Try on, 1939) In man the conceptual activity 
has an even greatei and more obvious role. There have been 
a number of attempts in psychology to treat language theoreti¬ 
cally as a collection of conditioned reflexes, specific stimulations 
duectly controlling specific responses But consider such peculi¬ 
arities of human learnmg as the followmg 

Certain features of the development of language in small chil¬ 
dren are very mstructive. With opposites such as up-down, 
back-fwnt (of a house), in-out, or lep-iiglit, a veiy interesting 
confusion can be observed in some children at about the age of 
two to four years (Some doubt about lep and right, of course, 
is often seen m adults, while other opposites, such as hot-cold, 
or black-white, never seem to give any paiticular trouble ) The 
confusion of up is only with its opposite and never with “m” or 
“back” This means that the word has first acquued an asso¬ 
ciation with a definite, limited set of conceptual coordinates 
The confusion, when it is observed, may last for months In 
this peiiod the word np has its prompt, clearcut association 
with the vertical dimension, but no association with a particular 
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motor act such as raismg the hands or looking upward at sky 
or ceiling With such facts, it becomes nonsense to explain 
man's conceptual development as exclusively consisting of 
verbal associations, 

The relationship of (a) stimulus, (b) central activity oi con¬ 
cept, and (c) motor response is clearest in the notorious diffi¬ 
culty of choosing between left and right, to be observed by any¬ 
one who tries to teach twelve-year-old children to “right turn” 
promptly on command Here we have a definite auditory 
stimulus, the word right, and a definite motoi act to be asso¬ 
ciated with it One might expect the association to be imme¬ 
diate, or at the veiy least to be set up as a conditioned reflex 
m a few trials—the more so since the chdd has had some such 
training since infancy But we know that this does not happen, 
the discrimination is ceitainly much haider to make than that 
of up and down, and this m turn harder than black and white. 
The child can very readily leain at the age of three that “right” 
and 'left” each refers to a side of the body—but ah me, which 
one? 

Here, in the discrimination of right and left, is the real 
paiadigm of adult learning What is set up first is a conceptual 
organization By the age of sue the word “light” clearly and 
immediately means sidedness to the child A considerable con¬ 
ceptual elaboration has already occurred, and the stimulus effec¬ 
tively arouses that structure; but it arouses no prompt, specific 
response The response may come later, but for long it lemains 
vacillatmg and unpredictable 

Consider again the role of analogy m human thought, and 
the figures of speech that betray it even in scientific woik The 
pons and island and aqueduct of cerebral anatomy, the wave of 
sound and cycle of sunspots m physics and meteorology, the 
rise of the blood-sugar level, and the limen of stimulation in 
physiology—all these are as enlightening, concerning the nature 
of learning and intelligence, as the child's confusion of left and 
right Such figures of speech are at the veiy least an aid to 
memory, even when it has a totally new reference, the familiar 
teim is more easily recalled than a neologism Using it is 
therefore more than an economy of language. The underlying 
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analogy with something known already is an economy of thought 
as well, an economy of effort in learnmg and undei standing. 

This fact IS at the least surprising, smce exactness of meaning 
IS essential to scientific thought, and since the laws of learning 
as we know them would suggest that there must be a consider¬ 
able interference between the old meaning and the new one 
given to a familiar term That is, there should be mterference 
unless terminology corresponds to thought and the new concept 
%s only a modification of the old 

The woiker in the laboratory does not meiely report and ex¬ 
pound by the aid of analogy, that is how he thinks, also The 
atom was once a hard little round paiticle, oi later one with 
hooks on it Recently it was a solai system The classical dis¬ 
pute of physics about the natuic of light was really asking, Is 
light like a shower of pebbles, or like iipples in a bathtub? 
The ultimate answei, Both, was one that was hard to accept 
Why^ Because it fitted into no pre-existing conceptions, waves 
are waves, and pebbles are pebbles—theie is nothing m common 
experience that has the properties of both We know well that 
scientific thought travels by short steps, the individual thinker 
never gets much in advance of his fellows, and his ideas are 
boin of existing ideas A new conception, like Woodworths 
“schema with coriection,” must be mainly composed of eailiei 
ones. New learning is facilitated by old 

But, as the history of the theory of light suggests, it may be 
limited 01 canalized as well I have used the analogy of an 
apprenticeship, m visual learnmg Now an apprenticeship in 
one trade may help in another, but not as much as the one di¬ 
rectly studied It IS not just any learning that facilitates any 
other leainmg at maturity. 

Nissen, Machover, and Kinder (1935), for example, have 
shown how the visual learnmg of childhood may be selective in 
its later effects West African natives made low scores on form 
boards, in an mtelligence test In this sort of test the subject is 
asked to fit a senes of wooden blocks with simple geometrical 
shapes into holes with the same shapes, as fast as he can In 
conversation, Dr Nissen has made the point that the low scores 
were not due to slowness of movement, but to a slowness in 
identifying shapes—a slowness of perception. 
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At the same time, he found himself ]ust as mfenoi m seeing 
things in the bush that seemed completely obvious to the na¬ 
tive Suppose now that a native and a city-dwellmg scientist 
were shoivn the trail of a neio animal in the same habitat, 
though it IS stiange to both, which would remember it better, 
and be able to lecognize it on a second occasion? What a na¬ 
tive could leain from a text on geometry, or what one of us 
could learn about following a tiail, must be far more a function 
of pre-existent learning than of the inherited pioperties of our 
respective brains 

It is of course a commonplace that the experiences of child¬ 
hood have a peimanent effect on one's attitudes, interests, and 
even abilities. Lorenz (cited by Tinbergen, 1942) has demon¬ 
strated the effect experimentally in buds. With mammals, 
eveiyone knows that taming is easiest in infancy, with a lasting 
effect The gun-shy dog, conversely, is an example of a lasting 
failure of emotional adaptation* though the disturbance need 
not be set up in mfancy, it does demonstiate an inti actable 
effect of a fiist expeiience Hunt (1941) has shown an effect 
of early hunger on later hoaidmg by the rat As to abilities or 
intelligence, it is now generally accepted that laces and peoples 
cannot be compaied in heieditaiy endowment, since low scores 
may be due to cultural background. That the level of pioblem- 
solving at maturity, then, may be peimanently influenced by 
childhood experience is an accepted psychological principle, 
despite a ceitain inconsistency of the theorists who think that 
the Negro's low IQ is to be explained so, but seem to have for¬ 
gotten that the poor white's may be in the same class 

To this point we shall leturn, in discussing the nature of in¬ 
telligence Here I have attempted to define the general rela¬ 
tionship of first learning to latei learning, in teims of the be- 
liavioial evidence Let us now turn to the physiological proc¬ 
esses that must explain the relationship as well as the peculiari¬ 
ties of primary oi aboriginal learning 

THE STAGE OF PRIMARY LEARNING 

Among others, the preceding discussion has laised the pioblem 
of explammg the greater inefficiency of eaily learning in higher 
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species. To deal with it, we can return to the schema of per¬ 
ception and repair a deliberate omission The schema made 
almost no mention of the spontaneous firing of the association 
areas of the cerebral cortex. Takmg this mto account, a ques¬ 
tion IS laised that has really wide significance. For the moment, 
it can be put in this foim In what circumstances can one sup¬ 
pose that a stimulus will have the same central effects on two 
different occasions, so that cumulative learning is possible? 

It has alieady been said that an afferent excitation does not 
arouse inactive tissue but feeds into an activity that is already 
going on A constant net result, when a stimulus is repeated, 
requires some constancy in the spontaneous activity in the asso¬ 
ciation aieas upon which the afferent activity impinges The 
perceptual leammg that has been schematized in the piecedmg 
chapteis depends on some consistent cential action of a repeated 
stimulus We need not assume a constant pattern of the back¬ 
ground activity, at all times, to satisfy the schema, but it does 
demand at least a frequent recurrence of the same pattern This 
is necessary if the stimulus is to have a cumulative action and 
build up the "assembly” of cells that constitutes the first learning. 

In the answer to this problem lies an explanation of the slower 
first learnmg m higher species and, indirectly, as we shall see 
in later chapters, an understanding of some of the problems of 
motivation and emotion m the half-gi own or full-grown animal 

There seem to be two mam factors that would make foi some 
consistency in the activity of the association aieas at diffeient 
times. One can be refeired to as an intrinsic oiganization, in 
that activity, the other is the steadily increasing influence of the 
infant’s environment. 

The intrinsic organization of cortical activity is so called be¬ 
cause it is opposed to the organization imposed on the coitex 
by sensory events. It appeals at birth ^ m the large slow waves 

* I e, It IS ‘ mnate”, but it may or may not be unlearned. There are two 
possibilities (1) that there are pacemakers which are inherently such as 
to dominate otlier neural cells and produce llie synchronous firing, and (2) 
that the synchiony is “learned”—established in utew as a result of the 
neural activity itself The comparatively slow change of the infant’s EEG 
toward the adult pattern, and the lack of any sharp discontinuity between 
the two extremes, suggest the second interpretation Supposing that the 
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of the infant's electroencephalogram, and in the sleep or coma 
of older subjects. At birth, that is, the intrinsic organization is 
completely dominant, in psychological development its domi¬ 
nance decreases, but it continues to lecui periodically, generally 
in a diurnal rhythm. Its behavioral coirelate is a heightened 
limen for sensory stimulation and a maiked absence of the per¬ 
sistently directed activity that we call voluntary and purposeful 

This does not mean that there is any sharp Ime that divides 
infant behavior, oi sleep, from the behavior of the wakeful adult, 
it does not mean, either, a hard-and-fast distinction between tlie 
corresponding EEGs. But there appear to be two extremes in 
the organization of coitical activity that conespond exactly with 
the two extremes of learning ability discussed m the last sec¬ 
tion. One IS established early; mtcnupted rather than sup¬ 
ported by a varied sensory activity, once the alternate organiza¬ 
tion begins to appear, manifested by laige potentials in the 
EEG, and correlated with an inactivity of the musculature or an 
aimless, undirected activity and a slow and inefficient learning. 

firing of central cells is oiiginally at random, the synaptic changes discussed 
earlier would lead to an increased coordination of firing and the establish¬ 
ment of massive self-excitmg systems These might be comparaUvely 
simple closed circuits at fiist but would tend to steadily recruit odier cells 
and later other circuits This is the ''growth” referred to in the discussion 
of perceptual development (p 76) Witliout tlie constant sensory disturb¬ 
ances resultmg from the motor activity of tlie waking animal, tlie giowtli 
would make for local integration, and hypersynclirony, with them, the in¬ 
tegration is in anatomically diffuse systems and reduces local synchroniza¬ 
tion 

This discussion makes a good deal of the electroenceplialographic evi¬ 
dence as the most direct index of phvsiological organization in llie normal 
living brain, It is wise to recognize explicitly, however, that the index is 
a very rough one I have treated the slow waves of the infant’s EEG, and 
those of adult sleep and coma, as having the same meaning Apparently 
they may have, in one respect as indicating a local synchrony of firing m 
coihcal neurons (see the assumption made eailier, p 8) But in other 
respects there may be significant differences Indeed, tliere must be, and 
future developments in electrical recoidmg may reveal them For tlie 
present, the important tiling is to see that there is m one respect an iden¬ 
tity of corhcal activity m infancy, sleep, and pathological conditions which 
IS at the opposite extreme from that of the normal waking adult, as seen 
both in the electrical record and m the presence or absence of sustained 
purposeful behavior 
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The other is slowly acquired, dependent on a constant change 
of the sensory influx for its maintenance foi any period of time, 
produces a flattened, irregular EEG, and is the piecondition of 
the noimal adult wakmg behavior and the adult level of learning 
Note that what is discussed here is a vaiiation of organized 
activity in the coitex. In the later discussion of feai and neu¬ 
rosis the notion of a disorganization will appear, pioducmg 
neithei quietude nor puiposeful activity but incooidination and 
autonomic activity. Intrmsic or primitive organization, and dis¬ 
organization, aie to be distinguished 
Against the backgiound of the mtiinsic oi ganization, the m- 
fants fiist visual learning could proceed steadily, although 
slowly, with no disiuption If the fiist sensory excitation feeds 
into an oiganized activity, where cells aie fiimg ihythmically m 
large populations (which I assume is what the laige waves of 
the infant’s EEG mean), the aigument of the schema can still 
stand, although visual learning must be slower than if the cells 
of area 18 were always ready to be fired, and nevei lefiactory, 
when an impulse airives fiom 17 The only change m the 
schema is to show still another reason foi the slowness of fiist 
teaming in the higher piimates. 

At the same time, an explanation of the difference fiom lower 
species appears The piocess of perceptual learning must be 
thought of as establishing a contiol of association-area activity 
by sensoiy events The larger the association aieas, both abso¬ 
lutely and relative to the size of the sensoiy piojection aieas, 
the slowei the establishment of such a contiol must be and the 
less rigid and moie complex its final foim 
Let us suppose, as we safely may, that the pimciples of cen¬ 
tral organization m othei sense modes do not diffei fiom those 
of vision Anatomical diffeiences in the vaiious sensoiy systems 
may affect the complexity of disci imination, fineness oi acuity 
of discrimination, and so on They may lead to a gieatei lela- 
tive impoitance of temporal integiation in one sense and of 
spatial in another, as m hearing and sight But these ana¬ 
tomical diffeiences do not imply diffeient principles of central 
neural integration m sight and heaiing, or in touch and smell 
Oui problem essentially is to see how a particulai sensoiy 
event can have the same cential effects on different occasions 
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despite spontaneous central activity. If we conclude with 
Adrian (1934) and Weiss (1941a) that the unstimulated neuial 
cell must eventually fire spontaneously, we must also accept 
Adrians conclusion that this cannot happen in the cell that is 
exposed to persistent bombardment As long as the receptoi 
surfaces are being stimulated, therefore, the sensoiy piojection 
areas of the cortex must remain completely and constantly undei 
environmental control 

Also under control are the fibeis that lead fiom the sensoiy 
aieas into the association areas. Accoiding to the schema of 
perception, this contiol is extended gradually, synapse by syn¬ 
apse Considering the association areas as made up of a popu¬ 
lation of transmission units, two factors must affect the length 
of time needed to bring all these units undei contiol One is 
the number of conti oiling fibers leading from sensory areas into 
association areas The second is the number of tiansmission 
units m the association aieas themselves 

With cortex of a given size, these two factois may be con¬ 
sidered to be roughly proportional to the size of the total sen¬ 
sory cortex, and the total association cortex It then follows that 
the length of the pnmaiy learning period will be roughly pro¬ 
portional to the ratio 

t otal association cortex 
total sensoiy coitex 

which can be called the A/S latio. The sensoiy projection 
aieas aie diiectly undei environmental control, and if they aie 
large, with respect to the association areas, and so project a 
large number of fibers into the association cortex, then conti’ol 
should be quickly established. If the sensory piojection is small, 
association cortex large, the contiol will take longer, the peiiod 
of “pnmaiy learning,” that is, will be long 

But we may have to consider a further factoi With the same 
A/S latio, but with different absolute size of brain and a laigei 
absolute number of transmission units m the association areas, 
it seems that the laigei biain might also make for slowei first 
leainmg. A laiger number of transmission units means a greater 
variability in the spontaneous activity of the association aieas, 
as well as a larger number of synaptic junctions over which 
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sensoiy control must be extended It will be recalled that the 
synapses in question are not the minimum number through 
which an aSeient excitation might conceivably reach the motor 
coitex We are dealing with recurient cucuits and complex 
closed systems. An absolutely gieatei number of transmission 
units in the association areas would piobably make for gi eater 
vaiiability m eaily spontaneous activity and a greatei ultimate 
complexity of organization Both imply that a sensory control 
might be established more slowly in a laigei biam, even with 
the A/S ratio constant 

The sensory piojection areas are widely sepaiated m the bram, 
almost as if to maximize their influence Only in the frontal 
pole in piimates (and to a less extent in the temporal pole) is 
there cortical tissue that is far removed fiom a sensory projec¬ 
tion area We can then regard the stage of primary learning as 
the period of establishing a first environmental control over the 
association areas, and so, indirectly, over behavior. With this 
proposition we have at once an explanation of the slowness of 
the first learnmg in primates, in which biain and A/S latio aie 
larger, and of the ultimate level of the primate learnmg capacity 

The numeimal aspect of this fraction cannot be stressed, since 
presumably there are other factors of finer neural anatomy, of 
metabolism, and so on, to be taken into account It may be 
suggested, however, that the size of association cortex, and the 
A/S latio, when these can be expressed m terms of cell counts, 
may provide the basis of a better morphological index of the 
level of behavior than the bram-weight/body-weight ratio This 
of course is not testable at present. No cell counts are avail¬ 
able, and psychology has so far found few satisfactory compari¬ 
sons of intelligence as between different species. We have not 
even any exact data on the gross size of the sensory cortex m 
different species 

But, for widely differmg phylogenetic levels, a hierarchy of 
intelligence” (or psychological complexity McBiide and Hebb, 
1948) can be assumed, which corresponds to gross differences 
(1) in size of the ceiebium, or (2) in the piopoition of afferent 
to intemuncial neural tissues In the lower veitebrates, the 
cerebrum is small, and the afferent systems are massive in com¬ 
parison with the intemuncial. Within the mammalian senes, 
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there are differences both of absolute and relative size of asso¬ 
ciation cortex which may be assumed (m the total absence of 
any exact data) to have a relevance to the grcatei speed with 
which the "lower” species can learn to respond selectively to the 
environment, and to the comparative simplicity of the behavior 
when it is fully developed 

These anatomical considerations diaw attention to anothei 
point. The learnmg ability of highei species at matuiity is not 
meiely the capacity for a greatei number of associations or for 
associations that involve finei sensory discrimmations The be- 
havioi also shows a less duect contiol by the stimulus of the 
moment, from the immediate environment In larger association 
areas the central phase sequence can be more complex* it must 
still be organized and ultimately conti oiled by the relatively 
smaller sensory pi ejection aieas, but the phase sequence can 
escape the direct contiol more fiequently and for longer periods. 
The possession of large association aieas is an explanation both 
of the astonishmg meflSciency of man’s fiist learning, as far as im¬ 
mediate results aie concerned, and his equally astonishmg effi¬ 
ciency at maturity. 

MECHANISM OF ADULT LEARNING 

The question has been raised as to how, if the association 
areas of the bram have a contmuous and variable activity, a re¬ 
peated stimulus can have the same central effect on separate 
occasions, to make cumulative learning possible The question 
was answered for the mfant, and the answer helped to account 
for the slow first learnmg of higher species It can now be 
answered for the adult 

Fortunately, it is no longer necessaiy to account foi a cumu¬ 
lative effect of stimulation that is superimposed on an inde¬ 
pendent activity of the association areas (fortunately, because 
this activity must be extremely vaiiable in the waking adult) 
The learnmg occurs when the events to be associated can 
already command organized trains of cortical activity, in other 
words, when the environment has a contiol of the association 
areas that can be repeated, so that the central activity is not at 



Mechanism of Adult Learning 127 

random and the stunulation can impinge on the same central 
pattern when the tiaining situation is repeated 

I have made it an essential condition of learning that two 
central events occui togethei. The leader is reminded, how¬ 
ever, that this IS not always a suiBcient condition In discussing 
the question eailier (p 77), I consideied the probability that 
two systems would acqune an mterfacilitation by being active 
at the same time The systems lefeiied to, at that point in the 
development of the theory, weie newly oiganized ones, and the 
question was of the first association of one system with anothei 
duiing piimaiy learning The conclusion was that the ease of 
association must vary greatly, even when the two systems he 
mteitangled in the same gross region of the biain They might 
promptly coalesce, at one extreme, or might, at the othei, fail to 
do so despite often being active at the same time, over a long 
peiiod It was concluded also that the larger the system the 
gi eater the piobabihty of its establishing an effective inter- 
facilitation with anothei—provided that the two are well organ¬ 
ized, so that arousing part of one will aiouse the whole 
But we are now interested in the associations foimed at ma¬ 
turity, between much moie complex processes Learning at 
maturity concerns patterns and events whose parts at least aie 
famdiai and which already have a numbei of othei associations. 
This changes the pioblem consideiably It means that the 
learning is not an association beti^^een totally uni elated proc¬ 
esses It must concern a complex of ccll-assemblies, and elabo¬ 
rate phase cycles (in the jaigon of my schema), and amounts 
to a strengthening of facilitations, not a setting up of new con¬ 
nections between wholly unrelated activities 
The characteristic adult learning (outside of psychological 
laboratories) is learning that takes place in a few trials, or in 
one only. It seems always to involve a recombination of fa¬ 
miliar peiceptions and familiar patterns of movement Thus 
one can typically remember a new name when given name and 
surname are already famihai, or a new face when it is one of 
a racial gioup to which one has long been exposed. Vary these 
conditions, and repeated effort may not do the tuck Complicate 
the problem even by lequuing that the new name and new face 
be learned simultaneously, and the difficulty is inci eased, it is 
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usually overcome only by repeating the name and looking at the 
face a number of times in a short interval So adult learnmg is 
typically an intei action of two oi perhaps three organized activi¬ 
ties, being organized, they are capable of a continued existence 
after cessation of tlie stunulation that set them off, v^hich gives 
time for the structural changes of peimanent learning to take 
place. For the theory being developed^ a prompt learning 
possible when the stimulation sets off well-organized phase se¬ 
quences, but not otherwise. This oiganized activity of die asso¬ 
ciation aieas is subject to environmental control To the extent 
that the control is effective, and re-establishes the same central 
pattern of activity on successive tiials, cumulative learning is 
possible. 

Adult leainmg is thus a changed relationship between the 
central effects of separate stunulations, and does not directly 
concern the precipitating stimulus or, primarily, the motor re¬ 
sponse whose contiol is imbedded in the central activity 

The same conclusion is reached fiom another approach. Ex¬ 
periments on leainmg have shown again and again that the 
nonsense syllables toh, del, rec, til, and so on, are haidei to 
memorize than the more complicated items tobacco, delights, 
recommend, and hearhZy, and still harder than the sentence 
"I recommend the delights of tobacco heartily” The event 
with meanmg is best remembered, moreover, it is the meaning 
that is remembered rathei than the specific stimulation that 
aroused meanmg (McGeoch, 1942), That is, the central effects 
of sensation are what enter into an association, rather than the 
comparatively simple sensory event itself This seems especially 
hue of the most efficient learning—the kind that is established 
most easily and persists longest 

Such learnmg may be diagrammed as in figure 14, where each 
circle represents a conceptual activity. The concept of an ob¬ 
ject or place is an irregular cycle, each phase of which is the 
activity of a cerebral cell-assembly If a large enough part of 
this phase cycle is aroused, the whole becomes active. Thus in 
figure 14 the concept A was originally organized by an intei- 
action of hearing, touch, and vision Once organized, it may be 
aroused by hearing alone, or perhaps by hearing and touch, but 
the essential association between A and B, resulting from simul- 
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taneous activity, would be the same whether each was aroused 
by vision, or whether one was aroused by hearmg and the 
other by touch. 

In this way learning may be “free” of any particular sensory 
cues (Tryon, 1939) The rat may learn a maze by the aid of 
cues from vision, smell, touch, and kmesthesis, the maze once 



Figure 14 A and B lepresent two conceptual activities C, C, possible 
connections between A and B These are not simple closed neural circuits, 
nor even the more complex ‘‘assemblies,” but “phase cycles” systems of 
assemblies whose several activities are temporally integrated and tend to 
recur in an irregular cycle A was oiiginally organized by auditory, tactual, 
and visual stimulation (that is, it involves assembhes m each of these 
modes), F, by visual and tactual stimulation When these cycles are well 
organized, tlieir activity may be mitiated by part of the original stimula¬ 
tion—A for example by hearing, touch, oi vision When A and B aie 
simultaneously active, they may acquire an interfacilitation which is dia- 
grammatically represented by C and C The learning is independent of any 
particular stimulation, tlie association might be set up by two visual stimu¬ 
lations, but be manifest later when A is aroused by heaiing, or B by touch 

having been learned, any of these cues may be disturbed or re¬ 
moved, but the learning persists and utilizes those that remain 
We shall see m a later chapter that the behavior of the blmd rat 
is permanently affected by his having had vision duiing the 
period of development The lat blinded at maturity solves cei- 
tam problems that rats blmded at birth do not. The properties 
of the concept A (figuie 14) depend originally on vision; but a 
rat might be blmded, after A had been developed, and still le- 
tain the concept as one that can be aioused by hearing and 
touch alone 

Now as to the mode of association between two such con¬ 
cepts The two neuial structures may have enough chance ana- 
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toinical convergences (Chapter 4) that a duect mterfacilitation 
is established. This is lepiesented (still quite diagrammatically) 
by C, C in figure 14 Then, even tliough the stimulation arous¬ 
ing A and B is biief, they may continue active long enough foi 
synaptic knobs to develop The result would be one-trial learn¬ 
ing, involving two sepaiate neuial systems 
But this, it seems, is unlikely When new connections are to 



Figutu] 15 To illustrate the possibility tliat a subsystem, C, may act as a 
link between two systems (conceptual complexes) One concept is repie- 
sented by A^, and C; die second by B 2 , and C The two systems 
have a subsystem, C, in common, to provide a basis of prompt association 

be set up, as m figure 14, it is piobable that a numbei of tiials 
would be necessaiy, and the diagram is best consideied as lep- 
lesentmg rote learning The facts already discussed have indi¬ 
cated that one-trial learning occuis only as the association of 
concepts with ^'meaning—havmg, that is, a laige numbei of asso¬ 
ciations with other concepts Figure 15 diagrams another pos¬ 
sibility, which can be given moie weight A perceived object 
consists of a numbei of perceptual elements (p 83) The same 
elements lecur in diffeient peiceptions, so that two concepts to 
be associated may have phases (assembly actions) in common 
These would be ready-made links, needing only to be stiength- 
ened to establish the association 
But more the perception of an actual object (that can be seen 
from more than one aspect, and touched, heaid, smelled, and 
tasted) involves more than one phase cycle It must be a hier- 
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aichy: of phases, phase cycles, and a cycle or series of cycles. 
("Cycle” IS of course temporal: referrmg not to a closed ana¬ 
tomical pathway but to the tendency of a senes of activities to 
recur, irregulaily.) The two ideas or concepts to be associated 



Figure 16 Diagramming m anotlier form tlie same principle as in figure 15 
The complexes A and B aie sensonly aroused at the same time Solid 
circles represent systems that are reliably aroused, broken circles, ones that 
aie facilitated by tlie activity of adjacent systems, but not rehably aroused 
by diem. That is, the “fringe” systems X, Y, Z, C, and so on, receive a 
facihtation from A which is often not sufficient to arouse them, which ones 
are actave will depend on preceding activity in the tissue and accidents of 
concomitant stimulation The complex C might or might not be aioused as 
a sequel to A, or to B, but when both are active simultaneously, C is more 
likely to be aroused Thus tlie subject associates an object B with the ob¬ 
ject A, because both are associated with someQiing else, C a familiar trick 
m memorizing hsts of words or nonsense syllables m learmng experiments 
But the processes A, B, and C all occur witliin what is grossly the same 
tissue, not spaced as in the diagram, and when by virtue of C’s activity A 
and B are persistently active together, tliey may slowly build up a dnect in- 
terfacilitation—so tliaL C can drop out eventually, leaving A linked to B 
directly, by a sbort-circuitmg (Woodworth, 1938, p 34, McGeoch, 1942, 

p lee ) 

might have, Hot only phases, but one oi moie subsystems in 
common. This is suggested by the diagiam of figme 15 It 
should piovide an even more effective link Such a mode of 
association is possible only between complex systems, and it may 
be recalled agam that a complexity of meaning is more readily 
remembered than a simpler peiception without meaning 
The same general principle is mvolved in figure 16. This 



1S2 Development of the Learning Capacity 

represents the familiar fact that a subject required to learn 
pairs of words with no obvious relationship will invent relation¬ 
ships, and wdl himself supply extra terms m doing so The 
subject trying to associate conceal with above may do so by 
thmkmg above = CETLmG-conceal, oi with marble-ptmish, may 
thmk of being punished for playing maibles for keeps (Wood- 
worth, 1938) The subject is making his task moie complex 
when he chooses to lemembei three or foui terms mstead of 
two, but he also makes it easier Thus figure 16 shows how two 
concepts A and B may be associated if a third one (C) is aroused 
to which A and B are already related 

The prompt learning of maturity is not an establishing of new 
connections but a selective lemforcement of connections already 
capable of functioning. Observe, however, that this account 
differs from traditional association theoiy in at least one respect, 
which is of the greatest importance for applying the theoiy to 
the lesults of experiment Two concepts may acquiie a latent 
**association' without ever having occurred together in the sub- 
jecfs past experience. Although the ‘association by sunilaiity” 
of older theoiy recognized this fact, the explanation seemed to 
depend on the idea of identical sensory elements The present 
theory suggests that the identical elements may be conceptual 
rather than sensory, that is, two thmgs may seem similai with¬ 
out exciting the same receptors 

The concept A in figure 16 is capable of arousmg, or facili¬ 
tates, C, but the facilitation may be from one of the subsystems 
of A on a subsystem of C, so that A and C need never have 
been active together at any eailier time Or, as m figuie 15, 
two systems may coalesce promptly because of having a sub¬ 
system m common It seems lil<ely that something of this sort 
is the explanation of the happy figure of speech, which links 
two sets of ideas not previously associated the more unlike 
they are, supeificially, the more effective the figuie, and yet it 
IS effective only because somethmg about the structure of the 
two ideas is the same. (Foi examples of such pairs of ideas, 
tire reader may consult the discussion of scientific analogies 
earlier m this chapter ) 

My treatment of learning here is tailored carefully to the 
experimental facts, but it also follows naturally from the original 
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neural schema. At this point, in the emphasis on pre-existent 
associations in learning, we have come to a classical pioblem 
that we can examine a little moie closely, the meaning of “mean¬ 
ing ” 

The implication of the pieceding paiagiaphs is that a concept 
is not unitary Its content may vary fiom one time to another, 
except for a central core whose activity may dominate in aioiis- 
mg the system as a whole. To this dommant core, in man, a 
verbal tag can be attached, but the tag is not essential * The 
concept can function without it, and when there is a tag it may 
be only part of the “fiinge” sometimes aroused with the domi¬ 
nant subsystem, sometimes not The conceptual activity that 
can be aroused with a limited stmiulation must have its organ¬ 
ized core, but it may also have a fiinge content, or meanmg, 
that vanes with the circumstances of arousal. 

Thus m figuie 16 the activity of A may be accompanied by 
the activity of X on one occasion, or of Y and Z on another 
Which will happen is not indeterminate, but depends on the 
excitability of each subsystem at the moment, and on the facili¬ 
tation from other concuiient sensoiy and cential activities 

Now consider the subject leainmg a list of words agam Fol¬ 
lowing one tiam of thought, m which an activity occuired which 
facilitates activity in C (figuie 16), the occunence of A and B 
(also facilitatmg C) leads at once to the sequence A-C-B On 
another occasion, A and B at fiist might have excited no common 
system In such circumstances, the subject would look at the 
words, thmk about them (that is, A and B aie persistently 
active, with a varying fiinge activity), until the facilitation on C 

^ It seems hkely that tliere is a great deal of conceptual activity that is 
unreportable (and so “unconscious”) in human thought above all, in what 
can be called intuitive judgments (Hebb, 1946c) Despite reliable and pre¬ 
dictable verbal responses in the recognition of emotion, foi example, a sub¬ 
ject may be quite incapable of saying what considerations detei mined his 
choice of teims There may, consequently, be concepts in man that do not 
have a verbal element, just as tlieie are in animals On the other hand, it 
seems quite^^ clear that many concepts are fundamentally and essentia^ 
verbal—the coie” is a word or other symbol, without which the concept 
could no longer be an element in tliought (function as a neural system) 
If we recognize, first, that there are nonverbal concepts, we must lecogmze 
secondly that some concepts are verbal only 
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from some one of the fimge activities suddenly becomes limmal, 
and the relationship A-C-B is "peiceived” 

Evidently such changes aie what has been called, in the psy¬ 
chological literature, a “lestiucturing'' of thought, and the sud¬ 
den activation of an effective hnk between two concepts or per¬ 
cepts, at first unrelated, is a simple case of “insight” (p. 158). 
This IS a topic that will be discussed more fully m the following 
chapter. The mechanism of the sudden perception of new le- 
lationships is, I propose, the one that has ]ust been discussed, in 
its simplest form 

This account does not, however, sufficiently recognize the or¬ 
derly, directed, persistent feature of the phase sequence that 
leads to insight a problem that presents ma]or difficulty (Hum¬ 
phrey, 1940), and is considered m the following chapters m the 
treatment of attitude, motivation, and pleasure. For the present 
theory, insight is a “chance” combination of facilitations from 
different phase sequences, but this is chance only in a limited 
sense, and given phase sequences that peisistently return to a 
certain conceptual activity (motivation to solve a problem) the 
ultimate occuirence of insight may be quite predictable What 
may not be predictable is just when the occurience will take 
place, and this of course agiees with the facts of behavior 

MAZE LEARNING 

Having considered how a certain kind of human learning 
might occur, in which the subject given one woid must repio- 
duce a second, let us next see how the theory of phase sequences 
and “concepts” can be applied to the learning of a lat m a maze. 

Suppose that we have a snnple maze with a staitmg point A, 
three choice points B, C, and D, and a goal E As the rat runs 
the maze correctly, the environmental oi sensory sequence would 
be A, B, C, D, E The phase sequence deteiminmg such a lun 
cannot be so simple, because of the central facilitation that may 
arouse a conceptual activity in advance of its sensory arousal 
(“expectancy”), and equally may arouse the concept of a point 
that has already been passed (“recollection”), This can be dia¬ 
grammed as 

A-e-b-B-a-c-C- • E 
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where tlie small letters lepiesent cenhally aroused complexes 
(each coirespondmg to the lecognition of a point in the maze), 
and capital letteis lepiesent sensoiily aroused ones, oi actual 
pciceptions. 

The existence of the piocuiient items in the sequence above 
IS both an inference from the neural schema and a leasonable 
infeience from the literature on expectancy The recurient 
item {a following B) is mainly an inference fiom the schema, 
but it is suggested also by the backtrackmg done by sophisti¬ 
cated rats m a simple maze 

In a long and complex maze, with unsophisticated lats, le- 
tracing is usually thought to be simply an error, pait of the lat’s 
effoit to reach food as quickly as possible But in the method 
of testing intelligence described by Hebb and Williams (1946), 
the lat often acts m a way that suggests something diHeient 
After 1 caching the food box the animal may turn and exploie a 
blind alley, or retiace the entiie maze (sometimes without a 
single eiior) His return to the food box is usually at a higher 
speed than the fiist pait of the run, and he eats enthusiastically— 
on the second time of reaching food Behavior is determined 
by the central phase sequence, and this means that the sequence 
is lecuirent as well as anticipatoiy, Similaily, ''mental back¬ 
tracking” is lepoited by the blmdfold human subject learning a 
stylus maze (Woodworth, 1938, p 143) 

Also, when one is finding one’s way through an unknown city, 
or by compass thiough the deep woods or at sea, one has a con¬ 
tinual awaieness of the supposed dnection (1) of the goal and 
(2) of the eailiei loute, though the apparent dnection of either 
may be quite wiong. Theie aie mdications in both animal and 
human behavior that learning depends on setting up a unifica¬ 
tion of the total situation even when it cannot be surveyed as 
a whole It is not necessaiy foi the learning that an accuiate 
pictuie of the situation be achieved (Brown, 1932), only that 
the goal-concept dominate the phase sequence, and that each 
paiticulai complex m the sequence corresponding to a coiiect 
run leliably evoke the next complex, with the resultant recogni¬ 
tion of the direction of the next choice pomt. 

As an illustiation when diiving to the neighboring city, 18 
miles away by a winding loute (on a modern highway, that is, 
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on which all the turns are veiy gradual), I persistently feel that 
the part of the highway on which I am at the moment leads 
nearly straight towaid my objective. When a bend in the road 
approaches, the apparent duection of the city changes, each 
turn IS remembered, inconsistently, as a turn toward the goal, 
except when two turns are close togethei I am unable to list 
all the different segments of the route from memory, m the 
right order, all I can do reliably is make the right turns at the 
right time 

This proves nothmg, perhaps, except that I am easily confused, 
but it illustrates the point that a series of correct responses can 
be organized into a smooth sequence under the influence of a 
goal anticipation without requiring that the subject (whether 
rat or man) have any accurate or detailed image of the total 
situation. The phase sequence determinmg such behavior need 
not be so well organized that it can run off complete without 
sensory support As I start driving, it consists of little moie 
than an awaieness of the staiting point, the goal in a ceitam 
direction, and the next distinctive point in the route 

How IS the sequence established? It will be clear, fiom the 
facts reviewed in the early part of this chapter, that the half- 
grown or adult animal comes to his task with an elaboiate con¬ 
ceptual organization ready made, and that the learning is a 
modification of this to fit the paiticular properties of the new 
situation. Before one can attempt anything like an explanation 
of adult learning, theiefore, it will be necessary to find out 
much more about the ontogenetics of behavioi The expen- 
ments reported in the following chapters hardly amount to a 
begmning at this task, until they aie carried much fuithei a dis¬ 
cussion of the details of maze learning must be speculation only 
The experiments leferred to suggest, for example, that much of 
a rat’s learning to run a maze is done m his home cage, before 
he ever enters the maze at all What I piopose to do heie and 
in the following chapters is outlme the approach that is im¬ 
plied by the theoiy and define the problems that it raises for 
research. 

One of these problems is the development and control of 
hunger. Experimental evidence piesented latei (p. 193) indi¬ 
cates tliat tliere is an impoitant element of learning in hungei. 
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It IS not always enough to have an animal lack food m oidei to 
get him to eat At the same time, tlie analysis of the contiol of 
eating made by Moigan (1943) shows that no simple learning 
foimula will provide foi the known facts This pioblem, then, 
must be left to one side foi the piesent Assume heie that the 
foundations aie laid the lat put into the appaiatus will eat food 
when he finds it, will move about until he does find it, and has 
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Figure 17 A simple maze problem, the simplest of those used in the 
method of testing rat mtelhgence, that is briefly described in Chapter 11 
S, starting box, F, food, A, B, C, D, points in the maze The line C-D 
represents the single barrier used in this test problem, in the preceding prob¬ 
lem, four barriers, diffeiently placed, iDiesenled the rat with a more difficult 
problem Crossing the broken line constitutes an "'error” 


become used in loreliminary tiaming to the general situation and 
has oigamzed his peiception of loom cues, the xemote objects 
that deteiinine peiceived position (p 92). 

With a simple pioblem such as that of figuie 17, one of tliose 
used in a rat “intelligence test” (Hebb and Williams, 1946), 
learning takes from 1 to 5 tiials In this method the food box is 
always in the same place, but theie are movable bariieis that 
are changed for each test, so the lat is used to finding food by 
a diffeient loute each day With the problem shown, a blight 
rat is likely to entei the erioi zone BC once or twice, and then 
make no more mistakes, following the lOute A-D-F consistently 

At the point A, the rafs behavioi on the fiist tiial is detei- 
mmed by his experience with preceding pioblems He has 
sometimes found food by going towaid B followed by a light 
turn, sometimes toward D followed by a left turn, and always 
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m the general region of C and F. At A, accoidmgly, the phase 
sequence is variable (unique at any one moment, but changing 
from one moment to another as “meanmg” vanes—p 133) With 
each phase sequence, theie is a selective influence on the motor 
system, determining head-and-eye movement toward B, C, oi D 
Further, the phase sequence is dominated by two things an 
anticipatory concept oi expectancy of reaching food, and per¬ 
ception of the rat’s present place m the maze Each two con¬ 
ceptual complexes are Imked by activity of the coitical motoi 
system facilitating not only movements of the head but also loco¬ 
motion. The latter facilitation is not always luninal, but when 
it is hminal the rat runs, in the direction deteimined by the 
eailiei movement of head and eyes. 

The sequence of events, as the rat i caches A, might then be 
as follows peiception of A—expectancy of food, with orienta¬ 
tion towaid C-iunning—peiception of C—expectancy of an alley 
leading to F. No alley appears, and either of two things may 
result. 

1 The first possibility is that the controllmg phase sequence is 
not stiongly established and leadily gives way to another which 
detei mines a different direction of movement Expectancy was 
not confiimed, the onginal phase sequence has not been lem- 
foiced by a coiiesponding sensory sequence, and the proba¬ 
bility of its occurrence when the rat next ainves at A is—at 
most—not mcreased On a second trial, the run may be towaid 
D Now the expectancy of an alley beyond D is reinfoiced sen- 
sonly The individual phase in the phase sequence is aioused 
both by a sensory and a central facilitation, strengthening inter- 
phase facilitations and so mcreasing the probability that on a 
thud trial the rat will go from A diiect to D 

2 As the rat approaches C on his first lun, the second possi¬ 
bility IS that the phase sequence deteiminmg this behavior is 
stiongly established, with a strong motor facilitation The end 
of the cul-de-sac not only fails to provide sensoiy reinforcement 
for the phase sequence but disrupts it There is a conflict be¬ 
tween the onginal phase sequence and a new one aroused by 
contact with the end of the cul-de-sac, which has been asso¬ 
ciated m earhei expeiience with a right-about turn This con¬ 
flict may appear as an emotional distuibance (anticipating the 
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discussion of emotion in the following chapter), and amounts to 
breakmg up a link m the chain of the recurrent organization of 
the phase sequence In succeeding trials when the rat reaches 
the point A in the maze, the phase sequence may be, as before, 
peiception of A-expectancy of food, with orientation towaid 
C-anticipation of C But the anticipatoiy concept of C is now 
linked with a disruption of cortical organization The cyclical 
senes A-C-f-A-C-F, and so on, is bioken up, permitting 
another cycle A~D~F (originally less strongly established) to 
occm instead 

This, m outline, is the approach to adult learning that is sug¬ 
gested by the phase-scquence hypothesis As I have said, there 
aie large gaps m the evidence, and when these are filled in the 
hypothesis may be found to need serious modifications It has 
not made use of motivation or msight as special piocesses inde¬ 
pendent of the phase sequence, because these with emotion seem 
already subsumed by the hypothesis I shall try in the follow¬ 
ing chapteis to show how such processes may be dealt with m 
moie detail. 



"7. Higher and Lower Processes 
Related to Learning 

The course of learning is rarely a smooth accession of motor 
skJl, or a closer and closer relationship of response to some par¬ 
ticular environmental event, as the learning process goes on 
Learnmg cuives, foi tlie individual animal, show great fluctua¬ 
tions from day to day-now backsliding, now sudden improve¬ 
ment. It IS only by averagmg the results from a number of ani¬ 
mals, trial by trial, that one can manage to get a simple curve 
showing steady unprovement with practice 
It is usually considered that these fluctuations are caused by 
a number of factors that are independent of learnmg and of 
each other Just what factois aie mvoked depends on the indi¬ 
vidual wnter and his theoretical point of view. In geneial, 
they mclude (1) processes that guide and strengthen learning 
physiological needs and motivations (m one kmd of theory), or 
such things as attention, expectancy, and insight (m anothei), 
(2) processes that weaken or disrupt learning, such as emotional 
disturbances, and even (3) tire innate processes of instmct that 
are thought to take the place of learning 
The question of diffeiences in the learning of diJfeient species 
has alieady been broached. Amplifying this topic will also serve 
to fill in some of the more important details in the account of 
learning that has been outlmed m preceding chapters In the 
present chapter, accordingly, the “higher” processes of con¬ 
sciousness and insightful behavioi will be discussed together 
with the “lower” factor of instinct, and, more briefly, the rela¬ 
tion of these to emotion and motivation, leaving a fuller account 
of the latter processes to following chapters. 
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enduring selectivity in central action, 

ATTITUDE 

An impoitant aspect of an animars behavioi is the occunence 
of periods of directed behavioi, in which one kind of action 
appeals only, or in which responsiveness is to one kind of stimu¬ 
lation This selectivity appears to be like the selectivity of at¬ 
tention but lasts longer and is less specific. It might be refeired 
to as attitude, mteiest, or intention (though these terms may be 
objectionable), to distmguish it (1) from the more briefly last¬ 
ing attention, and at the same time (2) fiom the stable selec¬ 
tivity that may be eithei inborn (and referred to as instinct) 
or established by slow learning, and remams unchanged from 
one day to the next The behavior discussed here is behavioi 
m which responses are now to one class of stimulus, now to 
another, m the same environment 

At a purely descriptive level, this aspect of behavior must be 
consideied when one attempts to deal with species differences 
It seems fiist that the duiation of the selectivity—the amount of 
time likely to be spent continuously m one kind of activity—may 
vary for highei and lower species Peiiods of spontaneous play 
are shorter m tlie rat than m the dog, and still shortei than in 
man, the period of emotional disturbance following momentary 
stimulation seems progressively shortei as one goes down the 
phylogenetic scale, and so on Secondly, the numbei and vaiiety 
of the distinctive forms of behavioi involved is greatei in higher 
species—the number of lecognizably difleient attitudes oi inter¬ 
ests, that is, is gieatei And, finally, the variability of action 
that still remains selective is also gieatei m higher species, an 
aggressive attitude, for example, has a much more vaiiable ex- 
piession in the chmipanzee than m the dog 

At a theoietical level, it seems further that there can be no 
explanation of learning and pioblem-solving in any mammal 
without lefeience to the peisisting central neuial influence that 
sustams activity m one particular duection Even in the rat, 
leainmg contmually shows this selective lesponsiveness to one 
aspect or part of the enviionment. In higher forms, wheie 
expectancy has been most clearly demonstrated, it seems often 
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to be organized by an expectancy of a particular reward or goal. 
This is clearly not sensory but a conceptual process (to which, 
however, sensation must contmually contribute). 

To account for a series of responses to the environment in 
which a lasting central influence is evident, it would be con¬ 
venient to be able to thmk of leverberation in some thalamo¬ 
cortical system, actmg without interruption to influence otlier 
cerebral systems in a particular way foi extended peiiods of 
time But this is at the least unlilcely Even if such a system 
were unexposed to external distuibance, simple reveiberation 
without affeient support cannot be expected to last more than a 
fi action of a second (Lorente de No, 1939) The schema of 
neural action on which the present theory depends has made it 
appear that theie is no constant, unmteirupted activity deter¬ 
mining behavior, no one enduring pattern of neural fiimg, but 
a continual fluctuation. If the theory up to this point is to be 
accepted, a selectivity of behavioi that may last for minutes or 
longei must be asciibed to some other limitation on the varia¬ 
bility of firing pattern m the cortex How might this occur? 

Fust, there may be classes of associated cortical activities 
Because of liavmg occurred together frequently, each activity 
in a class A, B, C, D, and so on, would facilitate other activities 
in the same class more than those m another class L, M, N, O 
Arousal of any one activity A would then arouse others 
B-C-D-A • *, but none of L, M, N, O Each letter heie stands 
for a conceptual activity, or phase cycle, not a cell-assembly 
action The duration of each phase cycle might be a matter of 
seconds, of the series of cycles (oi conceptual senes), coire- 
spondingly longei This would be one mechanism of a peisist- 
mg attitude, with a mamly intracerebral oiigin. Its mamtenance 
might also be contributed to by sensation, the behavior would 
amount to a seekmg out of certain stimulations rathei than 
others, and these might be such as to reinforce the selectivity 
of further response 

But secondly, if the mitiation of one of these proti acted and 
selective conceptual series involves some lastmg bodily condi¬ 
tion such as lack of food, which m the piesence of a particulai 
environment sets up an expectancy of eating, the expectancy 
might dommate the series and have a further organizing influ- 
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ence. (The assumption is that hunger pangs, oi a low level of 
blood nutrients, would have a selective effect on the limen for 
the conceptual activities determmmg eating This assumption 
will be discussed later, m relation to the problem of hunger ) 
If A then stands for the expectancy of eating, and B, C, D for 
conceptual activities associated with eating, the senes might be 
A-B-A-C-A-B-D-A, and so on, with A in a dominating lole. 
Thus a lasting bodily state might lepeatedly induce a concep¬ 
tual activity whose frequent lecuirence would act to organize a 
conceptual senes and restrict its content This second mech¬ 
anism presumably would make possible a longei duiation of 
attitude than the first alone 

The duiation of a self-mamtamed activity, as contiasted with 
an activity that is frequently reinstated sensoiily, depends on the 
complexity of the system in which it occuis A simple closed 
ciicuit may reveiberate for perhaps 0 001 to 0 05 second, the 
cell-assembly, m which an alternating reverberation is possible 
(by-passmg refiactoiy transmission units), has been assumed 
to be capable of activity for peiiods as gieat as half a second 
(p 74), a phase cycle, oi sequence of lecuiiing assembly ac¬ 
tions, might then endure for peihaps 1 to 5 or 10 seconds (the 
appaient duration of conceptual processes m man) I have 
assumed in the preceding paiagiaphs that a series of such cycles 
or concepts might last foi minutes oi longer and constitute a 
transient attitude A greater complexity does not ensure a 
longer persistence of self-maintained activity in the system, but 
may peimit it, and at the same time it peimits or depends on 
a gieatei vaiiability of specific content fiom moment to moment 
In the conceptual class A, B, C, and so on, A facilitates B, C, 
and D A temporal ily high limen m B at the time of A's activity 
would not prevent contmuance of selective behavior, since C 
or D may be aroused by A if B is not The idea in essence is 
that a conceptual senes A-B-C-D-A-B-C-D, and so on, might 
have a greater duration, at its maximum, than A-B-C-A-B-C, 
and so on. 

In a higher bram, accoidingly, in which moie assemblies are 
organized by learning and may occur m more varied combina¬ 
tions, the upper time limit of a selective central influence is 
greater and the selectivity at any one moment is less specific 
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The anatomical factor here is both absolute size of the associa¬ 
tion areas and the A/S latio (p. 124) This piovides some ra¬ 
tionale for the observed lelation between (1) phylogenetic level 
and (2) the complexity and duration of attitude and interest* 
The problem dealt with here has not of coaise been solved. It 
will be leturned to m Chapter 9 

Now the behavior that shows this soit of contiol is the be¬ 
havior that is called conscious or voluntary These two terms 
are not in good standing in modem psychology, and yet they 
refer to an unpoitant psychological distmction not only for the 
clinic, where it is fundamental, but even in the experimental 
laboiatory, wheie for example the differences in conditionmg 
voluntary and mvoluntary responses are well known It is not 
important whether one is to continue using the words conscious 
and voluntaiy in psychological discussion, it is important to 
have the distinction to which they refer made explicit, and to 
be able to deal with it theoretically. 

Let us start by recognizing that the distinction is not between 
disci ete, unrelated states but between the exti ernes of a con¬ 
tinuum The impoitant thing is to define the continuum, not to 
decide ]ust wheie a Ime should be drawn to divide one end fiom 
the other, oi even to divide it at all. 

The preceding discussion of attitude makes a theoretical defi¬ 
nition of "Voluntaiy” and “conscious” possible, and, just as im¬ 
portant, diaws attention to what seems to be the empirical mean¬ 
ing of these teims, quite apart from theory. For the piesent 
theory, a voluntary act is one that is determmed by a phase 
sequence or conceptual series with some duration in time, to 
which both sensory and cential facilitations contribute con¬ 
stantly, These sequences are recurrent as well as anticipatory, 
so the voluntary act is influenced by immediate memory and 
set as well as by an expectancy of the future—particulaily, an 
expectancy of the immediate consequences of the act This 
theoretical definition is considered also to cover the adjective 
“purposeful”—from the point of view of mechanism, theie is no 
apparent basis for distinguishing “voluntaiy” and “purposeful” 
(the distinction m usage may actually be a distinction between 
the circumstances in which a single kind of process occurs). 

Empirically, a voluntary act appears duimg peiiods of selec- 
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tive responsiveness, conditioned both by earlier stimulations (the 
influence known as set) and by present stimulation The influ¬ 
ence of piesent stimulation is not always obvious, since the act 
IS not necessarily initiated by an envnonmental event It be¬ 
comes evident, however, whenever an envnonmental change oc- 
cuis during the act that would change its eflect Theie is at 
once a variation of muscular pattern that is such as to tend 
toward a constant end effect This musculai variability with a 
single result has been called “motor equivalence” by Lashley 
(1942a), It is an essential maik of the voluntaiy act (and is 
essentially the only meaning of the adjective “purposeful”). 

The foim of an mvoluntaiy act is characteristically not a func¬ 
tion of set, or any piepaiation of the subject by instiuction oi 
the like (Hilgaid and Marquis, 1940) It is determined by the 
stimulation of the moment plus the general physiological condi¬ 
tion of the animal, and does not show motor equivalence. The 
occurrence oi stiength of an involuntary lesponse may be sub¬ 
ject to the influence of set, as when ghost stories facilitate a 
startle reaction, but the startle is mvoluntaiy as long as it main¬ 
tains the characteristic iigidity of pattern The distinction is of 
course between two ends of a continuum, not attempting a sharp 
separation of two totally diffeient kinds of behavioi Some in- 
voluntaiy acts may show “puiposeful” motoi vaiiabilify, or vary 
m pattern as a function of set, but the more they do so the less 
ceitain the classification must be 

Consciousness then is to be identified theoretically with a cer- 
tam degree of complexity of phase sequence in which both cen¬ 
tral and sensory facilitations meige, the cential acting to rein¬ 
force now one class of sensory stimulations, now another The 
cortical organization consists of a diffuse firing in a succession of 
assembly actions oi phases that aie oiganized fiist in phase 
cycles (conceptual activities) and then in series of such cycles 
that maintain a selective influence on behavioi foi appreciable 
periods of time, but always with the possibility that the current 
organization may be changed or disrupted by an unusual sensoiy 
event The limen foi the unusual, that is, remains low The 
unresponsiveness to some stimuli that is chaiacteristic of the 
conscious animal is always foi familiar features of the enviion- 
ment Finally, this organization is opposed to the intiinsic oi- 
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ganization of infancy and sleep (p 121), and appeals to be 
maintained by the constant sensoiy flux to which motor activity 
contributes. It is rarely possible foi any piolonged period of 
unchanging sensoiy pattern (when sleep or catalepsy is lihely 
to ensue). 

Empirically, in behavior, the most impoitant mark of con¬ 
sciousness IS the continually changing selective responsiveness 
to diffeient aspects of a famihai enviionment, the unchanging 
responsiveness to unusual oi unexpected events, together with 
the continual presence of “purpose,” “means-end-ieadiness” (Tol- 
man, 1932), oi motor equivalence Anothei mark might be the 
occur! ence of “operants” (Skmner, 1938), oi actions not initiated 
by an environmental change Howevei, these occur also m 
earliest infancy, in very piimitive oiganisms, and m sleep, and 
so do not very clearly distinguish a conscious fiom an uncon¬ 
scious animal. 

MODES OF SENSORY^CENTRAL INTERACTION 

The chief need left by this discussion of attitude, or enduiing 
selectivity of cential action, is a moie detailed treatment of the 
mterplay of sensory and central facilitations I have said that 
the phase sequence persistently escapes from a duect sensory 
control But this by no means implies a total lack of sensoiy 
influence, at any time By “direct” contiol is meant that asso- 
ciation-aiea activity is determmed by the pattern of immediately 
preceding sensory stimulation, smce this activity detei mines 
behavior, a direct contiol would mean that with any given sen¬ 
sory stimulation an animal would lespond m only one way 
This, as we know, does not occur m higher animals in a familiai 
envuoninent. At the same time, it is quite evident that there is 
a continual influence, of some kmd, from sensation 

Definmg this mfluence m its various forms raises a numbei 
of problems The schema of neuial action made the mode of 
sensoiy-cential intei action explicit as far as momentary excita¬ 
tions are concerned, but new difficulties appear when one is 
dealmg witli lastmg central activities and a series of sensory 
events. Some of these are handled reasonably well in the phase- 
sequence hypothesis. Others remam as problems for experi- 
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mental investigation. They can be defined here and at least re¬ 
lated in a general way to the hypothesis. 

At each point in a conceptual senes, the ensuing activity is 
deteimmed by the total pattern of sensation at that moment and 
by the residue of facilitation and negativity from the precedmg 
central activity. In general teims, this means that theie are 
three possible ways in which sensory and cential facilitations 
may inteiact (1) They may confiict, producing phase sequences 
that aie mutually incompatible, (2) they may have unrelated 
effects, tending to set up independent phase sequences in 
parallel, and (3) they may remfoice one another’s action, both 
facilitating the same subsequent pattern of coitical action 

The second and third of these possibilities are the subject 
matter of later sections, dealing respectively with the relation of 
attention to learning, and the lole of expectancy m a skilled 
motor perfoimance The first possibility, a conflict of facilita¬ 
tions, is related to the problem of emotional disturbance 

THE RELATION OF EMOTIONAL DISTURBANCE 
TO LEARNING 

The original idea of emotion was probably a lefeience to the 
demons that now and then disturb ordmaiy behavior Demons 
or no, let it be observed that this was an mfeience from 
behavior, demons (including the soul itself) not bemg easily 
seen by most people 

Very much later a quite different idea appeared, and is still 
current. Emotion is now generally thought of as an awareness, 
a distmctive conscious process that is quite separate from intel¬ 
lectual processes This notion has led to a good deal of confu¬ 
sion, foi it has gradually become cleai that no such distinct kmd 
of awareness exists (a surprising unanimity of psychological 
opmion has been reviewed elsewhere—Hebb, 1946a) In this 
sense, the term emotion has lost much of its meaning Further, 
it IS meaningless as referring to any momentary muscular or 
visceral response, for here also no distinctive pattern can be 
found (Dashiell, 1928) 

But it IS still hue that emotional disturbance exists, and can 
be recognized as a long-teim deviation from an animars ordi- 
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nary behavior (Hebb, 1946a) Something causes it. I propose 
that we return to an earlier, behavioral, interpietation (but sub¬ 
stituting neural events for the demon), and define emotion as 
the neural process that is infened from and causes emotional 
behavior, with no reference to consciousness However, foi 
reasons to be considered later (Chapter 10), we shall be con¬ 
cerned in the present chapter with emotional disturbance rather 
than emotion 

Now as to mechanism. The causes of lage (Hebb, 1945a) 
and feai (Hebb, ISidb) are extiemely diverse. Unless we are 
to suppose not only that there aie a number of separate emo¬ 
tions, with mdependent, neuial mechanisms, but also a number 
of angers and feais, each equally mdependent, we must ask what 
these various causes can have m common 

One answer to this question has already been suggested 
Emotion may be a disruption of cortical organization, which 
could occur in several ways the occuiience of incompatible 
phase sequences, the absence of a sensory facilitation that has 
always contributed to the phase sequence; “pam” stimulation 
that can be supposed to be innately disruptive of cortical ac¬ 
tivity (see Pam, Chapter 8), and chemical change of the blood 
content, altering the rat^ of filing of individual neurons and 
so disrupting a cortical organization that is fundamentally a 
matter of timing (see the discussion of hunger and addiction, 
Chapter 8) 

Some of the points mvolved must be left for later chapters. 
Foi the present we are concerned with the possibility of a sen¬ 
sory disturbance of the phase sequence, as an influence on learn¬ 
ing In the schema of neuial action, it was concluded that a 
neuron, or group of neurons acting as a transmission unit, must 
be expected to enter into more than one assembly if the assem¬ 
blies are organized at separate times In two assemblies involv¬ 
ing some of the same transmission units, a simultaneous activity 
would not be possible The activity of one would prevent ac¬ 
tivity m the other 

In assemblies of cells that are frequently active at the same 
time, fractionation eliminates fiom each the transmission units 
whose action is mterfered with or controlled by others (pp 
88-9), In a famihai environment, theiefore, such conflict would 
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not usually occur The same process would also gradually elimi¬ 
nate conflict occurrmg at the fiist piesentation of a new stimulus 
combination, as the combmation is lepeated, the make-up of one 
or both conflicting assemblies would be changed by fractiona¬ 
tion, and the disoiganization would decrease The stiange com¬ 
bination would now be familiai and no longer disturb behavior. 

In the phase sequence, the central facilitation fiom one phase 
on the next is usually not specific, smce sensory events occui in 
a variable older, and, because of this, the facilitation fiom one 
phase cycle or conceptual activity is not completely specific but 
tends to arouse one of a number of subsequent activities (pp 
133-4) This flexibility of the phase sequence peimits a con¬ 
siderable vaiiation of the sequence of sensoiy events without a 
distuibing effect Such considerations do not peimit one to say 
how gieal an environmental change must be to produce an 
overt disiuption of learned behavior, but the assumption that 
disiuption of coitical organization may vaiy in extent and in 
duration, and the assumption that the disiuption when it has 
more than a momentary duration means some incoordination of 
effectois, make sense of the emotional disturbance that appeals 
when envuonmental change is great enough What I postulate 
IS that, up to a certain point, lack of correspondence between 
expectancy and perception may simply have a stimulating (oi 
“pleasuiable”) effect (Chapter 9), beyond this point, a disrup¬ 
tive (or unpleasant) effect. 

The changes that distuib behavior must also mclude the ab¬ 
sence of a customary stimulation. The phase sequence is a con- 
tmual mteraction of cential and sensory events, and the back¬ 
ground facilitation from a constant sensory facilitation must 
affect the composition of the cell-assembly, duiing its organiza¬ 
tion, and be a factor in its later aiousal The absence of a cus- 
tomaiy stimulation will be ‘'strange,'' and excitmg But again, 
if this condition is repeated, a reorganization of assemblies and 
change of mtei assembly facilitations can le-establish the sta¬ 
bility of the phase sequences concerned With a varied experi¬ 
ence, the animal will become less and less dependent on any 
particular stimulation that is not a constant feature of his envi¬ 
ronment 

This IS an effect of learning on emotion, a mechanism of 
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adaptation to the strange The converse is a directing influence 
of emotional disturbance on learning, a problem laised in the 
preceding chapter It has been concluded that the prompt 
learning of maturity depends on a phase sequence with a re¬ 
current organization Disruption of any link in this disrupts the 
whole. Hypothetically, the distuibance varies in extent when 
it IS widespread, it may cause deterioration of othei, alternate, 
phase sequences—an extreme instance, presumably, being the 
paralysis of terror With less marked distuibance, the effect 
may he to pi event activity in the curient phase sequence only, 
and so allow anothei integrated sequence to take its place In 
this case, there would be little sign of emotion m the behavior, 
although the disturbance would have its effect in a changed 
direction of response. 

This is supposed to be the way m which emotional disturb¬ 
ance guides learning An example will make the proposed idea 
more definite Let us suppose that a i at is being trained to 
avoid a darkened dooi, by being given an electric shock, and 
bemg allowed to find food when he goes thiough a lighted dooi 
As the rat makes his choice, suppose also that his perception is 
of the relation of the right-hand dooi to the distant environ¬ 
ment, the relative brightness of the dooi not arousmg a con¬ 
ceptual activity He approaches the xight-hand door, and re¬ 
ceives a shock The disruptive effect heie is on the conceptual 
senes perception of present place—door A—expectancy of food- 
door A, and so on Back at the choice point, an alternate series 
involving perception of door B can displace the first, the rat 
goes through B, and finds food The effect of this one trial is 
to teach the rat to go through the left-hand door Unless there 
was a conceptual activity aioused by the diffeient lighting of 
the two doois (p 106), this tiial would not set up a tendency 
to avoid a darkened door as such 

Subsequent trials, with the dark dooi sometimes right and 
sometimes left, would accumulate a disiuptive effect on both 
"‘spatial hypotheses ” But on any tiial when the conceptual con¬ 
tent includes phases deteimined by the brightness or darkness 
of a door, an association of daikness with shock can begin to 
be established With this, the phase sequence will alternate 
between peiceiving present position at the choice point—per- 
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ceining a brighter door--expectancy of food, and peweiving 
present position—perceiving daiker door—expectancy of food 
The fiist IS reinfoiced by a coiresponding senes of sensory 
events, as the rat runs under its influence, the second is uniein- 
forced, and, fuither, disiupted When this stage has been 
reached, the final learning of the task should be prompt 
This, and the discussion of frustiation in the piecedmg chaptei 
(pp 138-9), lepresent in principle the lole of emotional dis¬ 
turbance as it might affect learning in an expeiunental study, 
A special relationship between emotional disturbance and learn¬ 
ing will be dealt with in Chaptei 10, which tiies to show how 
learnmg might develop typical rage and fear, with then distinc¬ 
tive patterns of organized response, out of what (in its origins) 
is simply disorganization 

INTENTION AND ATTENTION AS FACTORS 
IN LEARNING 

We can now turn to the second way in which sensoiy events 
may be related to the cuirent central piocess The first possi¬ 
bility, just discussed, is that the two may conflict The second 
is that they may neither conflict nor lemforce one anothei, but 
determine mdependent phase sequences. This possibility beais 
directly on the commonly held opmion that no learning is pos¬ 
sible without intention to leain, no memory of a sensoiy event 
unless it was “attended to” at the time of its occuirence 
It is often supposed also that theie is an extiaordinary unity 
about attention—that one can attend to one thing, or to anothei, 
but not to both at the same time unless the two are a single 
unit, lesponded to as a whole. These conclusions need qualifi¬ 
cation, 

Theie is actually no evidence to justify the geneial statement 
that learning never occurs without the help of attention (though 
my treatment m tlie followmg paiagraphs assumes that this is in 
a sense tiue) It has been shown repeatedly that a subject may 
not remember what he did not attend to, or that he i cm embers 
more with attention than without But other things aie apt to 
be remembered to some degree It is common expeiience to 
remember details of a situation to which one did not, appar- 
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ently, attend—when the details later have become relevant to 
one's thought. Similarly, the remark made by someone else, 
when one is readmg, may not be noticed or responded to in any 
way, as far as anyone can tell, and yet 30 seconds oi a mmute 
latei one becomes aware of the remaik and answeis it The 
event was remembeied Are we to postulate an “unconscious” 
attention to explain the fact? If so, attention is no longer uni¬ 
tary—even if theie were no other objection to such a treatment 
of the pioblem 

This IS a point, it seems, at which such theoietical concep¬ 
tions as attention and intention are no longer precise enough 
I have already defined attention as the immediate facilitation 
fiom one phase, or assembly action, on the ensuing one, with 
no implication that two such processes might not occur at the 
same time In so far as the term is to be useful, it should be 
restiicted to this veiy brief cental facilitation “Intention” 
seems a still moie shppeiy teim, related to “attitude” but with 
the implication that motoi components aie prominent If the 
teim has any intelligible reference to neuial function, it must be 
to the enduring selectivity of central action that was discussed 
earlier. 

There is a certain unity about this action, but not at all the 
absolute unity with which attention, at least, has been endowed 
in the older literatuie There may be more than one phase se¬ 
quence m the association areas at one time The discussion of 
meaning in the preceding chaptei implied also that the phase 
sequence may contmually tend to branch out in more than one 
direction, ameba-like—some, oi all but one, of the branches even¬ 
tually becoming abortive for lack of the general backgiound 
facilitation of “attitude” that determines the general tiend of the 
phase sequence I have emphasized the idea that the motor 
facilitation of phase or phase sequence may be subliminal, and, 
to the extent that attention has the unity it is supposed to have, 
the unity may consist of a control of the motor system by one 
phase sequence only, when two oi more run in parallel Even 
then it should be remembeied that we veiy often caiiy on two 
familiar activities at the same time Arguing and drivmg a car 
will do as an instance, neither seems possible without “attention.” 
It certainly seems that the unity of attention has been exag- 
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gerated, and the phase-sequence hypothesis, at least, suggests 
that it may often be multiple. 

Memory for an incidental stimulation then may occur because 
the stimulus has aioused a second phase sequence without m- 
tenupting the piioi dominant one This can happen only with 
familial activities and perceptions, and only if a phase scqtience 
ts aioused by the stimulus in question, and, in agreement with 
the importance of meaning foi learning, only if the incidental 
phase sequence has a certain degiee of complexity and persist¬ 
ence Theie will consequently be plenty of occasions on which 
"unnoticed” events are not remembeied, as the expeiunental lit¬ 
erature has shown 

So also with the effect of set on perception (peiceptual set is 
another aspect of the phase sequence, closely related to atten¬ 
tion) It has been shown that in certain circumstances one sees 
what one expects, or is set, to see But this is no geneial lule, 
else one would be incapable of seeing the unexpected When 
a stimulation is sufficiently strong oi distmctive fiom its back¬ 
ground, and familial or composed of familiar parts, it will be 
capable of initiating its own phase sequence, legaidless of what 
other phase sequence may be going on at the moment. (If the 
new phase sequence is incompatible with the pie-existing one, 
staitle 01 emotion may result ) The sensory event is capable of 
taking control of central action, ]ust as in othei ciicumstances 
the cential action is capable of remfoicing one sensory event at 
the expense of a second 

MOTOR EQUIVALENCE 

Two modes of sensory-cential interaction have been discussed 
The first, a conflict of sensoiy and central processes, was re¬ 
garded as a source of emotion, the second, in which a sensoiy 
event has central elTects that neither suppoit nor conflict with a 
prior central piocess, was treated as accounting for certain kinds 
of mcidental or unintentional learning 

The thud mode, an active support and diiection of the phase 
sequence by sensory processes, is at least as impoitant It is 
best exemplified in the phenomenon of motoi equivalence* a 
variability of specific muscular responses, with circumstance, in 
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such a way as to pioduce a single result The phenomenon and 
its impoitance for the theory of learning have been emphasized 
by Tolman (1932), Hull (1934), and Lashley (1942a). At the 
same time, theory has not handled the problem very success¬ 
fully It IS usual, and in piactice necessary, to define an ani- 
maVs response in terms of its end effect the rat reaches and 
enters the food box, the chimpanzee's hand makes contact with 
a stimulus plaque and moves it It would be impiactical to 
record the actual senes of musculai contractions that brings 
such an event about But one must not then assume that a 
common end result means a single pattern of contractions 

It is necessary to use very special conditions of trainmg indeed 
to establish a ‘learned response” as a constant effectoi response 
A lat trained to depress a lever to get food may do so fiom any 
of several positions, in each of which the muscular pattern is 
different He may climb on the lever, press it down with the 
left forefoot, or the right, or use his teeth instead Veiy often, 
all that can be piedicted after the lesponse is learned is that 
the level will be moved downward It is not necessaiy heie to 
multiply examples of such behavior, it will be evident to any¬ 
one who caies to watch animal or man cany out a learned re¬ 
sponse With long overpractice it may seem at times that the 
subject has settled down to the use of a specific musculai pat¬ 
tern, an exact duplication of his movements from one trial to the 
next When this happens, howevei, it will laiely be difficult for 
an experimenter to change that pattern and still observe ap¬ 
proximately the same end effect (Timing, however, may be 
disturbed ) 

In general, the variability of motor pattern m a hungry ani- 
mars reaching food becomes compiehensible if it is supposed 
that the behavior is determined both by an expectancy of the 
immediate result of each movement and by a continual percep¬ 
tion by the animal of his own locus and posture at each stage 
of his response The problem has sometimes been discussed as 
though the motor variability occurred despite a constant set of 
stimulatmg conditions Sometimes, indeed, it may, when there 
aie two 01 more equally efficient modes of solution available to 
tire animaL But the vaiiability chaiacteiistically appears when 
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there is a variation of the animals initial posture, of his locus 
with respect to the goal, oi of intervenmg barriers 

The animal must perceive his own postuie and his place in 
relation to the goal, and his behavioi must be affected by this 
perception as much as by his anticipation, expectancy, or fore¬ 
sight of the state of affairs in which food has been found in the 
past (remember that we are discussing the variability that oc¬ 
curs after learnmg is established) The monkey that must lift 
the lid of a box to get food has an expectancy of the lid*s iismg 
in contact with his hand, and he knows where his hand is at 
the moment The question then is, what neural mechanism will 
account for a movement of the hand direct to the edge of the 
lid? 

Here we have an example of motor variability m a learned 
response that is about as simple as can be. The muscular pat¬ 
tern of response, when the hand moves direct to the lid, is obvi¬ 
ously different for each initial position of the hand We cannot, 
I believe, accept the solution of this problem proposed by Hull 
(1934), in his concept of the habit-family hierarchy, foi he 
assumes that the final muscular event in the sequence is con¬ 
stant, though earlier ones can vaiy Here even the final pattern 
of contractions is vaiiable, depending on the monkey's position 
with respect to the box, and we know that the monkey will open 
the box despite changes of distance from the retaining cage or 
changes of the box's orientation. 

But we can follow the general Ime of Hull's aigument and 
assume (I believe, necessarily) that an eaiher geneiahzed 
learning of infancy provides the basis of response, together with 
an expectancy by the animal of his own later movements The 
only thmg that seems common to the vaiious responses is a per¬ 
ception of the hand in final contact with the lid of the box In 
the noimal primate, this perception ceitainly involves vision 
I assume thus that the movement of the hand primaiily follows 
an eyemovement that fixates the point of contact Part of the 
learnmg of mfancy must establish an ability to move eithei hand 
or foot directly fiom any point to the Ime of vision Given this, 
the behavioi is explained, my earliei schema of neural action 
having provided for eyemovement in peiception. 
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The schema has also shown how the cortical process control¬ 
ling eyemovement might be subliminal for actual movement and 
yet have a facilitating action on other coitical processes. The 
first learning involving manipulaliOBj m the normal primate, 
would be accompanied by eyemovements, but later, in man at 
least, there is a capacity to move the hand to the point one only 
"thinks' of looking at, In this case it is assumed that the motor 
process is subliminal for eyemovement, but still with an inte¬ 
grating function for other cortical processes. My account is 
explicitly in terms of visual processes, but I will add that the 
arguments applied (m the earlier schema) to eyemovement 
might as easily have been applied to movement of the hands; so 
this does not mean that the variable motor behavior of the con¬ 
genitally blind IS unaccounted foi, oi diffeient in principle fiom 
that of the seeing Furthei, there is plenty of evidence to show 
that the space peiception of the congenitally blind is ladically 
defective (Senden, 1932)—which justifies an emphasis on the 
role of vision in the manipulative activity of normal subjects 

In the specific example discussed above, the hungry monkey 
might equally raise the lid of the box with eithei hand, with a 
foot, or even with a stick, all that is necessary to account for 
the behavior is that the foot, or the end of the stick, be seen in 
Its present position, that its end position in contact with the hd 
be conceived of in advance, and that the monkey have learned 
to move it from one position to anothei presently being looked at 

More complex patterns of manipulation require only a number 
of such steps a continual awareness of the present position of 
the hand (or foot), and at each point in its movement an antici¬ 
pation of the next point in space to which it must be moved 
At all times the behavior is undei the contiol of these two 
things, the musculai pattern of the half-grown or adult animal 
is so variable simply because the subject is not learning now to 
make specific movements (as he is earlier, perhaps, when he is 
learning to bring the hand to the line of vision), but learning 
a relationship, an association, between perceived environmental 
events This makes adult learning piimardy perceptual; but, in 
accordance with the developmental changes of learning dis¬ 
cussed m the preceding chapter, it still leaves a great emphasis 
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on the motor learning of infancy, which frequently can be re¬ 
gal ded as puiely sensori-motor 

In this section I have tiied to present my solution of a 
ubiquitous, fundamental psychological problem. It would be 
wiong to leave the impression that the solution can be regaided 
as complete The solution says in short that motor learning at 
matuiity is perceptual learning m the fiist place. It also says 
tliat a true inotoi learnmg of mfancy is an essential element in 
the equivalence of adult responses The adult who learns to 
opeiate a slot machine learns, that is, that a quaiter's inovmg 
into and falling down a slot will be followed by the appearance 
of a package of cigarettes He leains that the depression of a 
certain lever staits the motor on his car He does not learn to 
make a certain series of muscular contractions, but, once the 
peiceptual relationslnp between depression of the lever and 
staiting the motoi is learned, an earlier mfant learning is enough 
to provide for the adult’s being able to put a hand or foot—or 
a stick—m contact with the level and depiess it But all this 
is in very geneial teims 

I believe that such conceptions will be a good basis foi the 
study of motor learning, but it should be emphasized that the 
study is still needed—that nothing more has been provided than 
a rational approach which may oi may not be found adequate 
in the long lun The discussion has said nothing about the 
changes of skill with practice What is their natuie^ Are they 
to be comprised in the conception of changes in the cell-assembly 
due to an incieased fiequency of activity^ Does the subject 
revert to his first clumsiness of performance when he is requiied 
to use a new muscular pattern? Does his peiception of the 
situation change with piactice, or his muscular timing—oi both^ 
Above all, is he still responding to the same cues? 

We still have a gieat deal to learn about the modification of 
motor perfoimance with piactice It should be said explicitly 
that this discussion has not attempted to cover the development 
of motor skills involving a precisely timed senes of movements, 
noi such leaimng as that demonstiated by Speiiy (1947), which 
monkeys are capable of and rats aie not 
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INSIGHT AND HYPOTHESIS 

A somewhat different asjDect of the problem of learning, and 
its phylogenetic coiielations, bungs us to the question of intel¬ 
ligence or insight m learning, and the related question of 
‘‘hypotheses” m animals These ideas have occasioned a good 
deal of dispute, and some confusion, in the psychological liteia- 
tuie 

The analysis of animal mtelhgence, by conti oiled expeiiment, 
has been a slow piocess Mamly, the tiouble has been to make 
the tiansition from an eailiei subjective psychology (lesoitmg 
freely to the notion of “mind” oi conscious awaieness as an agent 
m behavior) to an objective theory of neuial action, without 
oversimplifying the facts 

If an animal shows “intelligence” in his learning and problem¬ 
solving (Hobhouse, 1915), “ideation” (Yeikes, 1916), or “insight” 
(Kohler, 1925), can the fact be dealt with in a strictly monistic 
theory with no hidden tlnead of animism? It was haid to find 
a way of domg so What psychologists leally needed, of comse, 
was a physiological mechanism of thought to supplement then 
frankly physiological treatment of afferent and efferent mecha¬ 
nisms The failuie to suggest any intelligible mechanism of 
insight, 01 ideation, led to two sharply opposed points of view 
One group—in general, those I have called learnmg theoiists— 
began by denying that the facts were what they seemed, and 
argued that insight must be reducible to simple learning. 

The other group—in general, the configurationists—pioceeded 
by urging the need for a better theory of learnmg, whether it 
could be found at once or not, and contmued a search for evi¬ 
dence to show that the need existed, that anunals do have ideas, 
or insight, or mtelligence. 

As a result of this undertalang, psychological knowledge made 
a consideiable advance I am gomg to argue that such notions 
as insight have a limited value, and that somethmg with more 
precision will be needed for the further development of theoiy, 
but it should be recognized that these ideas have led to an im¬ 
proved analysis of annual behavior and its qualitative variations 
at different phylogenetic levels 
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Besides Hobhouse, Yeikes, and Kohlei, alieady mentioned, 
Lashley (1929^, IQSSZ?) and Kiechevsky (1932) should be listed 
as making majoi contiibutions to the difficult pioblem of analyz¬ 
ing animal intelligence, and Tinklepaugh (1928), Tolman (1932), 
and Cowles and Nissen (1937), as well, foi demonstiating ex¬ 
pectancy (a form of ideation) m animals and establishing the 
value of this notion in the theory of behavioi 

It IS generally conceded by now that learning involves moie 
than the gradual reinfoi cement of responses oiigmally made at 
random “Sophisticated” learning theoiy lecognizes the fact as 
much as configuiation tlieoiy (Spence, 1938, 1940) Learning 
IS often discontmuous, erior curves show sharp drops without 
warning, and the kind of eiior that is made on one day may be 
quite changed on the next The gieat disagieemcnt that still 
contmues in psychology does not concern the existence of some 
factor producing these effects, but its natuie how it operates, 
and how it is i elated to learnmg as such 

Let me make this a little clearer In the fiist effoits to be rid 
of anthiopomorphism in animal psychology, “learning” theoiy 
said something like this When an animal is faced with a new 
problem, we can avoid any refeience to mtelligence oi compie- 
hension and desciibe the cat’s attempts to open the door of a 
problem box (foi example) as at fiist a senes of random move¬ 
ments Some one of these movements wdl eventually open the 
dooi, by chance The tendency to make that movement is then 
increased because it was lewaided (the “law of effect”) 

On each trial, the tendency is fuithei mcreased Eventually, 
the cat opens the door immediately—not because of any separate 
process of intelligence oi understanding, but because a specific 
association has been built up This is the “naive” theory of 
learning by tiial and eiior, it is no longer mamtamed, laigely 
because of the woik of Hobhouse, Yeikes, Kohler, Lashley, 
and Kiechevsky, together with an important analysis by Adams 
(1929) and the latei woik of Thoindike (1931). But it had its 
value It was a necessary collective to the vagueness of othei 
theories, and though m development it has become rather vague 
itself it still represents a line of thought that insists, rightly, that 
theoiy must aim at definable conceptions and a clear statement 
of its ongmal assumptions 



160 Processes Related to Learning 

The configuratiomst attack on the eailiei, “naive” leainmg 
theory proceeded as follows. A seaich was made for tasks to 
set an animal, of just the light degiee of difficulty foi each spe¬ 
cies to demonsti^te the opeiation of intelligence The task must 
neither be so easy that the animal solves the problem at once, 
thus not allowing one to analyze the solution, noi so hard that 
the animal fails to solve it except by lote learning in a long senes 
of tnals 

With a pioblein of such bordeiline difficulty, the solution may 
appear out of a blue sky Theie is a period fiist of fruitless 
effoit m one direction, or perhaps a senes of attempted solu¬ 
tions Then suddenly theie is a complete change m the direc¬ 
tion of effoit, and a cleancut solution of the task This then is 
the fiist ciiteiion of the occuirence of insight The behavioi 
cannot be described as a giadual accietion of leaining; it is evi¬ 
dent that something has happened in the animal at the moment 
of solution {What happens is anothei matter ) 

The second, and essentially moie impoitant ciiteiion, involves 
a compaiison of species, To the human obseivei, a monkeys 
effoits to get at food may at times appeal utteily stupid It is 
one of the gieat achievements of modem psychology to show 
that the stupidity is always a mattei of degiee, and to make a 
beginning at saying what intelligent behavior is, m its vaiious 
manifestations The desciiption of intelligence is a moie diffi¬ 
cult task than it sounds, this is one matter in which appealances 
aie really deceptive The box-stacking of the chimpanzee, foi 
example, is a very clumsy performance indeed The chimpanzee 
has no notion of statics and must pile his boxes by trial and error 
until finally they will stay piled and bear his weight (Kohlei, 
1925) But compaiison with othei species leveals a consideiable 
intelligence in this perfoimance, nonetheless. The dog is not 
low m the intellectual hierarchy, and yet he is unable to see the 
possibility of moving even one box to a place wheie he wants to 
climb. Physically, this is possible foi him, though piling one 
box on another may not be The failuie is thus intellectual 

The dog, agam, shows his gieat supeiioiity to rat or hen in 
his skill at passing obstacles, and leaching a goal by the shoitest 
route (psychologically a more brilliant achievement, more in¬ 
sightful, than it may sound). 
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It IS often said that most human beings nevei think, and go 
by habit uistead of intelligence The dullest peison who can 
earn a living m this cultuie, howevei, contmually functions at 
a level well above the chimpanzee's—complex as the chimpanzee 
intelligence is—and it becomes nonsense in view of this fact to 
suppose that a man could ever get along solely by routine with¬ 
out the continuous opeiation of whatevei it is that we call intel¬ 
ligence This becomes even cleaier when one looks at cases of 
aphasia As we shall see latei, aphasia is by no means a mere 
loss of speech, the patient has lost something else as well, an 
intellectual capacity that no chimpanzee will evei have and one 
that eveiy noimal peison has and uses continuously (even if he 
iievei sits down, puts his chin in his hand, and announces in so 
many woids that he is about to "'think”). Without the study of 
msiglit in animals, we should not have been able to see how 
much IS involved in oidinary, eveiyday behavioi that seems ele¬ 
mental m its simplicity but is not 

There is an unsuspected degiee of intelligence in even the 
simplest behavior of normal man Kiechevsky (1932) estab¬ 
lished a similar point foi the rat, showing that apparently simple 
leainmg is moie than an uncomplicated acquisition of stimulus- 
response connections, it involves “hypotheses” as well 

Biiefly, what Kiechevsky found is this A hungry rat is given 
a repeated choice of two doors, one left and one light, one white 
and one black (foi example). The white door is sometimes on 
the left, sometimes on the light, and food is to be found by 
going through one of the doors (the other being locked) With 
such a pioblem, the rat does not choose at random At first he 
IS almost ceitam to persistently try the door on one parLiculai 
side, trial aftei trial, and later, to tiy the other side in the same 
way Still latei, he may alternate, one left, one right, and so 
on, 01 choose always the white dooi, whichevei side it may be 
on, until finally one of these systematic attempts at solution is 
consistently rewarded The rat is then said to have had a series 
of hypotheses, and it is clear that his learning is not a gradual 
strengthening of responses that weie at first made at random 
The behavior is stupid enough, by pinnate standards, but it in¬ 
volves intelligence of a kind and it throws a good deal of light 
on the behavtoi of highei species 
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DIFFICULTIES OF THE CONCEPTION OF INSIGHT 

So much for the value that psychology has drawn fiom the 
conceptions of msight and hypothesis (the lattei evidently a 
form of insight itself) We can next ask in what respect such 
conceptions are unsatisfactoiy, and the inquuy will lead us to 
recognize a complementaiy value in the “learning” theoiy that 
has been consistently opposed to the theoiy of insight. 

Fiom the fiist the meaning of insight and hypothesis, as exact 
scientific terms, has been left confused Then connotations ob¬ 
viously are anthropomoi phic and unfortunate This might have 
been less impoitant if the terms had been well defined, but they 
were not 

“Hypothesis” has been defined as a foim of behavioi. a set of 
responses that deviates systematically fiom a chance perfoim- 
ance. This will not do at all, as Pi entice (1946) has pointed 
out, it confuses cause and effect An hypothesis, it becomes 
evident, is something postulated, hypothetical, inferred fiom 
behavior. 

Psychology has sometimes in the past been too fiee in postu¬ 
lating special processes to explam behavior Now it is doing 
penance by going to another extreme, scientifically ]ust as sinful 
This current misconception of the scientific method makes any 
hypothetical entity somehow disreputable Psychologists now 
seem to feel that it is risky indeed to depait from statements of 
fact, nothing should be mentioned that is not “opeiatioiially” 
demonstrable. Thus in another field we find emotion defined as 
a bodily reaction, which it is not, oi neurosis as a set of neurotic 
symptoms At the same time, the context in which such defini¬ 
tions appear makes it obvious tliat the writer has m mmd some¬ 
thing inferred from behavior, not the behavioi itself, just as the 
lat’s hypothesis is inferred It is completely necessary to keep 
out of such confusion (in the first place, and in the second place, 
to realize that neither operationalism nor logical positivism really 
discomages inference or postulate but only seeks the rules by 
which inference is to be made) 

Insight, again, has on occasion been defined as a sudden 
change in behavior, oi as a conscious experience that one may 
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have in solving a problem Neither definition gets at the real 
meaning, which is that of a causal factoi in beliavioi 
When this is cleai, it becomes clear also that there is no need 
to say that a lat has an hypothesis only when he makes a series 
of systematic choices The hypothesis might endure only for 
one tiial, or part of a trial, though it could not then be duectly 
detected, it would still exist In the same way, it is not neces¬ 
sary to limit insight to those occasions such as when a chim¬ 
panzee, at first failing to leach a banana outside his cage, sud¬ 
denly turns away, looks for a stick, and lakes in the food These 
are the occasions on which it is evident that something has 
changed in the animal and has led to a solution But if it is 
insight that solves a problem following eiior, it is no less insight 
; when an animal makes no eiiois and sees the solution at once 
When the solution is seen at once, theie must be at least as much 
insight as when the solution is delayed 
In this sense '‘msight” is fully equivalent to “mtelligence”— 
the term that Hobhouse used The teim insight therefoie seems 
to have two references, one to an enduring factor in behavior, 
the other to a variable one Both “insight” and “intelligence” aie 
probably unsatisfactory teims—it will be seen in the following 
chaptei that they may be haid to distinguish from some uses of 
“motivation” except as different aspects of the same thing—but 
it may be suggested that, if they are to be used, “intelligence” 
should refer to the enduring aptitude, the existence of a causal 
factor m problem-solving that may or may not lead to the solu¬ 
tion of a particular pioblem, “insight” to refer to its operation 
in the particulai instance. 

Theie is still a difference of opmion as to what this causal fac¬ 
tor m behavior is, and how it operates is msight or hypothesis— 
or, in the bioadest terms, intelligence—something distinct fiom 
the mechanism of association? And here, I thmk, we must take 
a long step toward the position of those theorists who oiigmally 
denied the existence of msight but who now, like Hunter (1934) 
01 Spence (1940), aie concerned to show that it can be deiived 
from a theoiy of learnmg 

Whatevei insight is, we now know that it continually affects 
the learning of the adult mammal This has been maintained 
by those who have emphasized the value of insight as a theo- 
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retical conception; if we grant it, the conception does not be¬ 
come moie valuable for theory, but less 
We find at once the need foi more piecise conceptions The 
original value of the notion of insight lay in the distinction be¬ 
tween mtelligent and rote learning, Now all behavioi involves 
intelligence, and the distinction is a matter of degree how much 
insight (or intelligence) is piesent^ Further, if all learning is 
insightful we can no longei speak of insight as if it were a sepa¬ 
rate process and distinct from learning 

The conception of insight was a valuable first approximation, 
but a first approximation only, Insight is not distinct from at¬ 
tention or expectancy (which aie also fiist approximations), just 
as it is not wholly separate from lote learnmg Postulate insight 
to account for the discontinuity of a sudden impiovement in 
learning, and soonei or later we shall have to add other postu¬ 
lates (tempoiaiy forgetfulness, frustration, loss of interest, and 
so on) to account foi the iegressions and disruptions that also 
occui in learning 

I It has already been seen how insight, as a sudden peiception 
of new relationships, can result from the simultaneous activity 
of two conceptual cycles in adult learning (pp 133^) This 
need not be elaborated fuither, the new relationship is a change 
of tire phase sequence, and each phase sequence has its distinc¬ 
tive motor facilitation, so the change would be evident in a dis¬ 
continuity of behavior—the actual evidence from which the in¬ 
sight is inferred, j 

[ Apait from the special case of a sudden solution followmg 
failure, insight is essentially the phase sequence itself, the au¬ 
tonomous central factor in behavioi It is that which makes 
behavior directed, instead of random, the mechanism that is 
both anticipatory, adjusting behavior to an obstacle before the 
obstacle is reached, and lecuirent, so that the chimpanzee, tiy- 
ing to reach a banana, remembers the stick he saw a moment 
befoie, goes and gets it, and rakes m the fruit f 

^^Phylogenetic differ ences of insight are thus the differences in 
the complexity of phase sequence that is possible in the brain 
of a higher or lower species The lack of insight in the earliest 
learning of primates becomes comprehensible, smce the phase 
sequence must first be organized 1 
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Also comprehensible is the slowness with which insightful 
learning develops in these species, by the very mechanism that 
makes their ultimate level of behavior moie insightful than any 
other The largei association cortex of primates, both m abso¬ 
lute teims and in A/S latio (p 124), means a slower establish¬ 
ment of sensoiy contiol, and so a longer time to set up the phase 
sequence and insight At the same time, in a larger association 
cortex the numbei of assemblies of cells that can function as 
sepaiate closed systems will be larger This means that the 
highei animal at maturity will see any particular situation m a 
larger numbei of ways The compaiatively small sensoiy pro¬ 
jection means also that the phase sequence can escape fiom 
complete sensoiy control more fiequently, and foi longer pe¬ 
riods, so that the insightful behavioi of higher species is less a 
response to the immediate environment and moie an integration 
of serial stimulation from situations that cannot be surveyed as 
a whole 

Finally, all this explains how insight depends on experience 
and yet is not a simple, direct lesult of learning, or the opeiation 
of specific habits (Buch, 1945) The perception of new relation¬ 
ships discussed above is usually not delayed, but immediate, the 
animal put into a new situation will peiceive its paits as familiai, 
and as ielated m a meaningful way (that is, by the mechanisms 
discussed on pp 130-4) The behavior is then insightful, as an 
oigamzed set of i espouses to a new total situation An oigani- 
zation that consists of a new tempoial combination of elements 
which themselves weie oigamzed by expeiience obviously de¬ 
pends on learning, but is not learned Heredity sets a limit to 
the amount of development of the phase sequence and detei- 
mines the principles of development, but expeiience is necessary 
as well ^ 

THE RELATION OF INSTINCT TO LEARNING 

The problem of instinct is the coiielative of that of intelli¬ 
gence, or insight, and of learning It has just been seen that 
intelligence is not an entity that is quite distinct fiom learning, 
and we may now see that instinct, also, is not to be cut off 
sharply from either 
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The term 'mstmctive" will be used heie to lefei to behavior, 
other than reflex, in which innate factors play a predominant 
part Empirically, this is beliavioi in which the motor pattern 
IS vaiiable but with an end result that is predictable fiom a 
knowledge of the species, without knowing the history of the 
individual animal This class of behavior must be recognized, 
and we are no farther forward by coming a new name for it. 
"Instinct,” however, is less useful. It suggests a special agent 
in behavioi, just as "intelligence,” "insight,” or "diive” may. 
Essentially, we are involved here in the difiiculties of the 
constitutional-expeiiential dichotomy that are discussed latei 
(Chapter 10) We must distinguish, conceptually, the consti¬ 
tutional factor in behavioi from the experiential, but there is pre¬ 
sumably no mammalian behavioi that is uninfluenced either by 
learning, oi by the constitution that makes some learning easy 
or inevitable We need not considei (1) that instinctive be¬ 
havior is sharply distinct fiom othei behavior, or (2) that it m- 
volves some special process that is ladically different from those 
involved in othei behavioi Ultimately, our aim must be to find 
out how the same fundamental neural pimciples determine all 
behavior 

There is a means at hand for attemptmg this Consider first 
Lashley’s (1938a) useful distinction between reflex and mstinct 
A reflex may be defined as innately deteimined behavioi that is 
controlled by stimulation of a specific group of receptois and 
takes the foim of a predictable set of muscular contractions In¬ 
stinctive behavior, on the other hand, is more than a complica¬ 
tion of reflexes, although of course it involves reflex elements 
It IS not always controlled by a specific stimulation, and may 
in fact be aroused by a perceptual lack ("reaction to deficit,” 
Lashley, 1938a, "vacuum activity,” Lorenz, cited by Tmbeigen, 
1942). Instinctive behavioi does not consist of a predetermined 
sequence of musculai contractions, and yet it has a constant and 
predictable end result The spidei of a given species will spin 
a web highly specific m design, though the movements necessary 
to produce it vaiy with the distance of the objects to which it is 
attached, the kind of movements and number of trips made by 
a bird in building a nest (m those cases wheie the design can 
be foretold from the bud's species) depends on the kind of ma- 
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terial used and the shape and size of the ciotch or ledge that 
supports it, and so on. 

All this means that the behavior, though it cannot be called 
leflex, IS still continually undei sensoiy influence, more or less 
direct, At each stage in the constiuction the musculai activity 
vanes with cucumstances and is such as to produce a ceitain 
perceptual effect. This indnect sensoiy control is demonstrated 
whenever accident destroys part of the structure. The muscular 
activity then does not continue m a predeteimined sequence, but 
levelts to an earliei stage, in such a way as to lestore the missing 
part. Since the behavior is contmually responsive to such 
events, it must be under afferent influence throughout 

Now we have aheady seen that the A/S ratio, oi piopoition 
of association-area cortex to sensoiy cortex, affects the direct¬ 
ness of sensoiy control over behavior and the promptness with 
which it can be established In order to make this relationship 
meanmgful foi lower forms in which the cerebral coitex is absent 
01 insignificant, let me speak here of the proportion of inter- 
nuncial to afferent cells (association/sensory cortex being only a 
particular case of this more general relation) A massive affer¬ 
ent system and a negligibly small mternuncial one implies an im¬ 
mediate and direct sensoiy control of behavior, and one m which 
any particular sensoiy constellation would tend to have a single 
effect on behavior The larger the mternuncial system, the 
more slowly can a sensory contiol be set up. A sensoiy contiol 
that IS established only with experience, however, means that 
there is an element of learning in the subsequent behavior—and 
so an mcieased variability Thus, with phylogenesis, the pie- 
dictability of instinctive behavior would steadily decrease as the 
ratio of afferent to mternuncial tissues becomes smaller. 

This does not of couise explain why the instinctive behavior 
of any one species takes the paiticular form it does, but at this 
point we do have an explanation for the fact that instinct is most 
evident in lowei species, m which mternuncial structures are 
small, botli absolutely and relative to afferent ones Before 
specific instmcts can be explained, much more must be known 
about the behavior m question and the finer neivous structures 
that determine it. It is a reasonable expectation that the knowl- 
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edge will be obtained, and that the explanations when they are 
found may be much simplei than one would suppose. 

To show that the expectation is not chinieiical, that this 
does not simply dodge a crucial difficulty foi the present theoiy 
of behavioi, let me cite the earlici discussion of the ‘‘spatial 
hypothesis” oi position habit The position habit of course is 
not called mstinclive by psychologists, piesumably because it 
only shows up dunng the course of learning, and learning and 
instinct aie supposed to be mcompatible But it is so completely 
predictable m the rat that it might well be called mstinctive. 
Before a means was found foi analyzing the behavior (Hebb, 
1938fl, 1938&, Hebb and Williams, 1941) it almost appeared that 
the rat had a tlioioughly mysterious capacity foi peiceiving 
compass direction It turns out, however, that his behavior is 
simply response to the most constant stimulation of his environ¬ 
ment (pp. 91-5). 

Eventually, explanation at a similar level can be expected foi 
other species-predictable—or mstinctive—behavior It is almost 
ceitam that the mysteiiousness of the processes deteiminmg in¬ 
stinct IS generally overrated, when analysis has finally suc¬ 
ceeded, the process turns out to be quite diEeient from what it 
appeared at first (Schneula, 1948) The nest-building of the 
pregnant rat may be the simple lesult of a disturbed tempera- 
tuie control (Kinder, 1927) The visual preference of the honey¬ 
bee for complex flower forms appears to come from the fact that 
these forms produce a greater flicker frequency in the bees eye 
(Wolf and Zerrahn-Wolf, 1937) and thus have a maximal stimu¬ 
lating value The preference is not at all an mnately deter¬ 
mined perception of a particular pattern as distinct from other 
patterns There ts still an innate factor, but a much simpler one 
than it seemed at first to be, and the evidence does not lequue 
the assumption that some special and complex piocess is in¬ 
volved m the behavior Another example is the apparently pur¬ 
poseful behavior of the newly hatched loggerhead turtle in 
gomg duectly to the sea (Daniel and Smith, 1947), which, how¬ 
ever, IS phototropically determined 

I have aheady suggested that “instinct” may fundamentally 
involve some leainmg even at lower phylogenetic levels, if the 
kind of learnmg is strictly limited and if it may occur in a matter 
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of seconds (pp. 113, 115) This is quite speculative at pieseiit, 
but one thing is cleai, at least, that there is no evidence to 
justify the a pnon assumption that the contiol of learned and 
the control of instinctive bchavioi aie quite sepaiate processes 
(Beach, 1937, 1939). In mammalian behavioi, ceitainly, we 
cannot sepaiate out one gioup of responses that are innate, 
others that are learned Constitution (the factor of heredity) 
may dominate m determining some piopeities of behavioi, expe¬ 
rience (the factoi of learning) m others, but there must be a 
gradation from the one type to the other 

In the same way, instinct is not a sepaiate process from intel¬ 
ligence 01 insight It is intelligence, oi insight, that is innately 
limited in variety An animal low in the scale must see a par¬ 
ticular situation in a paiticulai way because of the ovei whelm¬ 
ing mastery of afferent over mternuncial activity, wheieas a 
higher animal with a iiioie variable association-aiea activity, 
imdei imperfect sensory control, may see it m a number of ways 
and respond accordingly now to one piopeity of the stimula¬ 
tion, now to another But the mechanism of response is not 
different ui the two cases, except in complexity 

This should be nioie explicit in one respect It has been 
argued that expectancy is an essential explanation of motor varia¬ 
bility m mammalian behavior At the same time, it must be 
clear that instinctive behavior does not mvolve an expectancy of 
its remote biological results (this would be the worst soxt of 
teleology) 

I have said that instinct and intelligence differ in complexitv 
of mechanism, and one of these differences is in the degree of 
anticipatory central action that is called expectancy, and in the 
temporal extent that expectancy can span At the lowest levels 
of instinctive behavior theie can be no expectancy whatever, 
wheie the inteinuncial activity is completely undei sensory con¬ 
trol, without intermission At mtermediate levels, there may be 
an expectancy of the immediate consequences of the single act 
in an instinctive sequence (the bnd may have an anticipatory 
concept of a twig placed in a certain pait of the nest, before it 
IS actually laid there, the rat whose pups have been scattered 
may possibly retrieve them under the influence of an expectancy 
of perceiving them in the nest again) Even this degree of 




expectaEcy, however, involves leaing, expectancy imist he i 
associabon between a present state of aiairs and one that has 
:fced that state of affairs (or similar ones) in tk pni The 
temporal span of eptancy in instinctive hehavioi must vay, 
from zero to the human expectancy of pregnancy and birth nine 
months after copulation (and the diculties of leating a child 
for twenty yeas after that) To the extent that expectancy oc¬ 
curs it must represent an influence of learning, not an mhom 
howledge of the future. 



Q, Problems of Motivation: 

Pain and Hunger 

This chaptei and the next aim at a broader pictuie of the 
problem of motivation than is usually diawn when neuial mecha¬ 
nisms are to be discussed The biologically piimitive hunger, 
pain, and sex duves aie important m behavior, but these are not 
all of motivation In particular, theie is an essential problem in 
play, and in the changes of motivation that occui when bodily 
condition (including humoral factors), and the envuonment m 
aU important lespects, seem unchanged 

In the present chapter, motivation is dealt with first as a theo¬ 
retical conception, particularly in ielation to the theory of leain- 
mg, we can then try to see how the more general ideas that re¬ 
sult from this examination are to be applied to the specific prob¬ 
lems of pam and hunger The following chaptei will be an 
attempt to round out the picture by treating the spontaneous 
variations of motivation that appear m such dififerent aspects of 
behavior as play and sleep 

THE COHCETT OF MOTIVATION 

The term motivation concerns two distmct questions: (1) why 
IS an animal active at all, and (2) why does the activity take a 
particular form? Ostensibly, (1) is the fundamental question, 
Actually, it IS (2) that modem psychology is usually concerned 
with-though the writer who uses the term often seems to be 
talking about (1). 

We have seen (Chapter 1) that early experiments with iieive- 
muscle preparations made it easy to thmk of the nervous system 
as inert, unless stirred up by some outside irritant. It then 
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seemed necessary to look to sensory stimulation for the cause of 
any muscular contraction Now, however, it is known that the 
central nervous system is contmuously active, and the necessity 
has disappeaied, as long as we do not ask about the patterning, 
the timing, of muscular contiactions. 

In fact, most of the musculature itself is continuously active 
(for whatever reason), and the chief problem the psychologist 
is concerned with, when he speaks of motivation, is not an 
arousal of activity but its patternmg and duection Little time 
is spent discussmg the source of an animal’s tonic contractions 
and random movements, in the fiist stage of a learnmg experi¬ 
ment What we have usually wanted to know is why the random 
movements change and become duected The mam question 
for psychology concerns the timing of musculai contractions, not 
their aiousal. 

There seems stdl to be some confusion on this pomt Psy¬ 
chological theory sometimes seems to be still looking foi some 
extrancuial irritant to account foi maternal behavior, for ex¬ 
ample In an earlier day, it was thought that maternal behavior 
must be aroused by the sensory stimulation of distended breasts, 
male sexual behavioi by distention of the semmal vesicles, the 
search for food or water by stomach contractions or dryness of 
the throat, and so on. Without exception, these ideas have 
broken down Desire to dimk can occur when the throat is 
moist 01 anesthetized, eatmg contmues after the stomach has 
been surgically removed This pomt has been adequately dis¬ 
cussed by Morgan (1943) The older manner of thinking pei- 
sisted, however. As contradictions accumulated, a tendency 
appeared mstead to postulate “central receptors” instead of 
peripheral ones as motivating agents By this device, it is still 
possible to discuss motivation as a stimulation that arouses ac¬ 
tivity of a particular kmd * 

* The implied distinction between theories of motivation does not merely 
concern use of the word “stimulation ” It is more than a question of defi¬ 
nition The sex hormones, for example, aie known to have a primary action 
on the central nervous system This action might be either (1) by excit¬ 
ing specific cells—in which case it would be meaningful to speak of a 
“central stimulus”—oi (2) by changing the excitability or frequency prop- 
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It has fiequently been pioposed that all behavior, and all 
learning as well, must be motivated The proposition may be 
taken in either of two ways First, we can tieat it as a funda¬ 
mental assumption We then infer the existence of a motiva¬ 
tion, known m no other way, when an apparently unmotivated 
act IS seen (When the rat reaches food and, bcfoie eating, goes 
off to some othei pait of the maze, he must have an exploiatory 
drive or motivation He has a hoarding motivation when he 
gathers pellets of food without eating them ) Such a use of 
assumption is often legitimate, what it really does is define moti¬ 
vation or drive, and such definitions have been an essential pait 
of the scientific method But here the tei m motivation becomes 
so broad, when all the deviations of behavior are consideied, as 
to have little usefulness, except as a convenient refeience to the 
fact that behavior m general is directed and organized The 
fate of the term becomes that of msight when all learning is said 
to be insightful. 

Or, secondly, one can define motivation independently, as an 
extianeiual bodily condition oi an untant that acts on specific 
neural cells. The proposition that all behavior and leaining are 
motivated then becomes untiue, on the existing evidence, and 
with it the proposition that learning is directed only by moti¬ 
vation 

And yet theie is an impoitant problem here In its simplest 
terms, the question that has bothered psychologists is this An 
animal learning to solve a problem makes some light move¬ 
ments, some wrong What is it that lemfoices the light ones 
and discourages the wiong^ Why aie the nght ones lemem- 
heied in latei tuals, the rest foigotten? This has been a persist¬ 
ently baffling problem, and its solution is essential to the theoiy 
of behavior 

The difficulty may seem tiivial If so, however, the leader 
may be begging the question by saying to himself, in a common- 
sense (and animistic) way, that the animal of coiuse can see that 
one of his movements has had the light effect, others not But 
if the question is asked, What neuial processes constitute the 

erties of a system of cells, without being able to induce activity in the 
system directly If the term stimulus is to have a determinate meaning, it 
should not perhaps be overextended to include the second reference (2). 
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"seeing”? the solution is evidently as far off as ever The sim¬ 
plicity of the question of reinforcement, or selective letention of 
some responses and not otheis, is like the simplicity of the fun¬ 
damental postulates of mathematics that aie taking centuries to 
ravel out. A simple common-sense answer has no value what¬ 
ever, the first thmg one has to do is get away from the animism 
that satuiates common sense Having done that, there remains 
an uncommonly difficult scientific problem. 

What it involves will perhaps be seen best in showing its re¬ 
lationship to Pavlov’s theoiy of conditioned leflexes Pavlov’s 
failiue to solve the problem is one of the decisive reasons why 
psychologists have had to abandon or change the theory. 

THE THEORY OF CONDITIONED REFLEXES 

Pavlov (1927, 1928) formulated a simple lule for the occur¬ 
rence of learning Any stimulus that acts lepeatedly at the 
same time as a lesponse will foim a connection between the 
coitical cells involved Subsequently, the stimulus will be suffi¬ 
cient to aiouse the response (The classic example is a bell rung 
at feeding time* after a number of tiials, ringing the bell alone 
makes the animal’s mouth water ) The original or uncondi¬ 
tioned stimulus (food in the mouth) has an innate relationship 
to the response The substitute or conditioned stimulus (the 
sound of the bell) has an acquired relationship The relation¬ 
ship IS supposed to be set up in connections from sensory to 
motor area in the cortex. 

This assumption is the keystone of the theoiy. The theory as 
a whole is of course much moie elaborate, with a number of 
other assumptions, but I have not oversimplified the point under 
discussion An affeient activity at one point in the cortex, and 
an efferent activity at anothei point, at the same time or imme¬ 
diately after the afferent one, is all that is needed (with enough 
repetitions) to establish a sensoii-motor connection, and all be¬ 
havior is determined by such connections, innate oi conditioned. 

This means that all acts at the time of a particulai stimulation 
would be associated with it, and the act that has most frequently 
occurred would be most strongly associated Now in problem¬ 
solving, or any learning situation in which a number of acts are 
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possible but only one rewarded with food, “mistakes” occur fre¬ 
quently Often, in the fiist trials of maze learning, the same 
mistake is lepeated much more frequently than the “collect” 
behavior Yet the net effect is that mistakes vanish, and leave 
only the coirect responses. Instead of being associated, the act 
that occuiied frequently is forgotten. Its elimination, also, can 
hardly be asciibed to an inhibition. Pavlov defined inhibition 
as producing a cessation of activity and leading directly to sleep. 
But repeated mistakes do not tend to make the animal diowsy 
or motionless They are.,often followed by an inci eased activity 

Maze leainmg, however, is not a veiy clearcut instance For 
the theoiist, a more crucial argument has been found with 
Pavlov's own procedure, and minor variations of it This aigu- 
ment is in the fact that the conditioned stimulus does not evoke 
the unconditioned response, as Pavlov implied (Zenei, 1937, Hd- 
gaid and Marquis, 1940) 

The conditioned response is not a duplicate of the uncondi¬ 
tioned, but somethmg new All the elements of the uncondi¬ 
tioned 1 espouse may be there, but it so some of them aie mini¬ 
mal, and the total pattern is significantly changed When the 
dog heais the bell, he does not usually make eating move¬ 
ments, with his nose m the food dish, until the food itself ap¬ 
pears, Conditioned and unconditioned stimuli, then, aie not 
]ust two ways of arousing the same combmation of effectors 

If the objection is made that no one would expect the dog to 
chew and swallow until food shows up, the answer is that Pav¬ 
lov's theoiy says he will The conditioned stimulus is supposed 
to set up connections loith any folloiving effector activity, and 
eating movements follow the conditioned stimulus as much as 
the secietion of saliva does If the critic of this aigument pomts 
out that a dog is too intelligent to respond to a bell in such a 
way, he is really ciiticizing the oiiginal theory A separate in¬ 
telligence, to tell the dog when his conditioned lellexes may 
operate, would be a deus ex machina One may suppose that 
the dog IS intelligent, but not that his intelligence is sepaiate 
from his neural activity, and we aie examining the theoiy that 
all higher neural activity consists only of conditioned iefl.exes* 

* The physiological and clinical hterature suggests that a number of 
workers still feel that Pavlov’s conclusions are a factual statement of what 
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MOTIVATION IN CONDITIONED-REFLEX THEORY 

Now let us see whether some principle of motivation can be 
added to the theory and thus make it able to account foi the 
facts. Hull (1943) has made this addition explicitly to show 
why 'right” iespouses become conditioned, otheis not. Hull 
proposes that those acts that aie immediately followed by a 
"need leduction” aie letamed, and he believes that with this 
change Pavlov’s main stiuctuie can stand, successfully reducing 
behavioi to a set of conditioned leflexes. That is, Hull has in¬ 
troduced motivation as a supplementary principle. The idea 
was used eailiei by Thorndike, who called it the law of effect. 

The law of effect is loughly this An act that is closely fol¬ 
lowed by satisfaction, pleasure, or comfoit will be learned, one 
that IS followed by discomfort, forgotten oi eliminated Partly 
because of the lesult of subsequent expeiiments, Thorndike’s 
(1931) later treatment is not in teims of pleasuie and pain but 
lefers to a very vaguely defined condition of "belonging” as the 
factor that makes foi learnmg The i espouse that will be re- 

is known to go on m tlie cerebrum It is important to see the difference 
between the fads he demonstiated and die theory based on die facts 
Pavlov has deservedly had a great influence on psychology, and lus theory 
has not been rejected because it is too physiological but because it does 
not agree widi expeiiment Apparently, Pavlov isolated himself from the 
contemporary liteiature, and liis theoiy took no account of psychological 
discussions after 1900 Criticism at piesent is based on latex experiments, 
physiological as well as psychological 

The mam pomts can be listed briefly. (1) Simultaneous sensory and 
motor activity is not enough to establish a conditioned reflex when the 
motor activity is directly aroused by stimulation of motor cortex (Loucks, 
1935, 1938) (2) The data published by Pavlov do not agree widi lus 

dieory of a slow irradiation of excitation across the cortex (Loucks), and 
the strychnmization mediod reveals a kind of cortical oiganization quite 
unlike what Pavlov assumed (Hilgard and Marquis, 1940) (3) Irradia¬ 

tion, by which Pavlov accounted for stimulus generalization, does not pro¬ 
vide for generalization of stimulus intensity (Hovland, 1937, Hilgard and 
Marquis), and the theory also has considerable trouble with the kind of 
pattern generahzation illustrated in figure 1 (4) Finally, it docs not seem 

possible to translate Pavlov's system into terms of problem-solving or serial 
learning widiout serious modification This is the point discussed in the 
text 
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membered and repeated is one that “belongs” in the total situa¬ 
tion. Unfortunately for the older and simpler law, punishment 
by electric shock for the right response may help the subject to 
leain as much as punishmg wrong ones Mild punishment for 
either may be better than no punishment, whether with animal 
or human subjects (Muenzinger, 1934, Diew, 1938, McGeoch, 
1942), It IS theiefore not possible to say that discomfort always 
acts to eliminate a iespouse. The vast literature on this issue, 
and the facts that led Thorndike along with many otheis to 
abandon the original law of effect, have been surveyed by Post¬ 
man (1947). 

To substitute belongingness for comfoit and discomfoit makes 
the law of effect extremely vague and says nothing about physio¬ 
logical pi 0 cesses, The theory presented here can be regarded 
as an attempt to fill ui the gap left by Thoindike’s tieatment of 
this point In psychological approach his ideas aie m many 
ways identical with those that were outlmed earlier (Chapter 6) 
They constitute, that is, a theory of association, as distinct from 
a theory of conditioned responses, in which an association may 
be between autonomous cential processes mstead of between 
afferent and efferent processes 

Hull (1943) has attempted to deal with the pioblem in another 
way, essentially by going back to the eailiei law of effect with¬ 
out the vagueness of Thorndike’s later formulation. Unfortu¬ 
nately, he has done this by retaining the idea of motivation as 
stimulation, and of all learning as consisting fundamentally of 
sensori-motor connections, 

“Effect” becomes a reduction of need, and a need is defined as 
follows. “When any of the commodities or conditions necessary 
foi individual oi species suivival are lacking, or when they de¬ 
viate materially from the optimum, a state of primary need is 
said to exist” (PIuU, 1943, p 17). Further, the need affects be- 
havioi by stimulatmg special receptois, eithei peripheral or m 
the biam itself (Hull actually starts out by saying that they 
“probably” do [p. 18] but thereafter takes the point for granted, 
his argument and diagrams deal with stimulations of particular 
hypothetical cells.) 

What the theory says in short is this. All behavior is deter- 
mmed by sensory stimulations All learnmg consists of form- 
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ing or strengthening S-R connections An S-R connection is 
stiengthened whenever the stimulus, S, and the response, R, 
occur together and some need stimulation, N, deci eases at the 
same time. The S-R connections amount to conditioned reflexes. 
What Hull has done, in this modification of Pavlov s ideas, is to 
postulate a special class of stimulus that (1) must be piesent 
before learnmg can occur, and (2) must then decline The de¬ 
cline, and the decline only, determines the occuiience of new 
connections. No way is suggested as to how the decrease of 
stimulation piomotes the formation of connections. 

To HulFs system as a whole vigoious objections have been 
made by other psychologists. Its weakest pomt, and cleaiest 
departuie fiom the facts, is m the treatment of motivation as 
biological need 

In the fiist place, the appaiently clear and precise definition 
of a need will not hold water A need occurs “when any of the 
commodities oi conditions foi individual oi species survival are 
missing.” One of these needs is “the occasional piesence and 
specialized recipiocal behavior of a mate” But the absence of 
a mate cannot excite sensoiy leceptois. By this definition, evi¬ 
dently, anothei need is for testes ui the male animal and simul¬ 
taneously ovaries and uterus in the female Species suivival is 
not possible otherwise But lack of testes is not usually a moti¬ 
vating condition, noi can it excite receptors. The injection of 
male hoimone would not affect the needs of the animal, as de¬ 
fined, since he is still incapable of feitilizing a female and con¬ 
tributing to survival of the species. Yet his behavioi sexually is 
that of a noimal animal once the injection has been made 

The pieciseness with which “need” has been defined is illusory 
It is a biological statement that does not coincide with the psy¬ 
chological conception Hull had in mind when he wrote First, 
then, it must appear that Hull's reformulation of the law of effect 
IS not the precise postulate that it was meant to be A system 
of deductions that makes repeated use of it may have a funda¬ 
mental flaw. 

Secondly, the law of reinfoi cement, as it is now called, is open 
to the same ciiticism that made Thoindike abandon the law of 
effect m its earlier form As we have seen, pain does not always 
act to eliminate a response Incidental learning, unaccompanied 
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by reward or the avoidance of punishment, does occur. Accord¬ 
ing to the theory, the lat m the maze should learn nothing about 
it until one of his i espouses is accompanied by a decrease of 
hunger or thust, or escape fiom electiic shock, or some similai 
leward. In actual fact, when he is allowed to lun m the maze 
without reward or punishment the rat leains a good deal about 
it This IS shown by the small number of errois he makes later, 
when he is put into the maze hungiy and allowed to find food 
theie (Blodgett, 1929, cited by Hilgard and Marquis, 1940) 

The third point is the extieme nairowness of the lange within 
which needs as Hull has defined them must opeiate This is a 
return to the old idea that the only souices of action aie such 
things as hunger, thirst, pain and concupiscence, with mothei- 
love thrown m for good measuie. Stimulation that is fiequently 
associated with one of these is supposed to acquire the same 
kind of mfluence It is not denied, therefore, that man oi animal 
may act without prospect of primaiy lewaid. But accoiding to 
the theory these secondaiy motivations can be set up only by 
repeated coincidence with a piimary one, and the connection 
between the two must be fiequently leinforced theieafter 
Emphasis on biological needs seems to limit animal motiva¬ 
tion much too narrowly It excludes conditions that clearly in¬ 
fluence behavior and learning (Allport, 1946, p 342), and it 
may have the unfoitunate eflect of preventing the student who 
takes the hypothesis seriously fiom seeing many of the facts 
of behavior For example, children spontaneously avoid dark 
places even though no unpleasant event has been associated 
with daikness (Chapter 10) They can leain what to do to 
make their paients come into the bedroom and turn on the light 
But the '‘need” heie is for more stimulation, not less It is the 
theoietical preoccupation with hunger, thust, sex, and avoidance 
of pain, as souices of motivation, that has led many child psy¬ 
chologists to deny that theie is any emotional response aioused 
piimaiily by perceptual lack, such as darkness Neveitheless, 
the evidence is strong that such responses occur 
The point has been laboied enough As far as one can see at 
present, it is unsatisfactory to equate motivation with biological 
need Theory built on this base has a definiteness that is very 
attractive, but it may have been obtained at too great cost To 
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follow this line seems to lequue eithei a persistent disiegard of 
facts such as those refen ed to above or the continual addition 
of new assumptions as soon as one gets beyond the subject 
matter of die classical expeiiments on rote learning in animals 

It IS clear of course that the primitive diives of pain, hunger, 
and sex are often of oveiwhelming importance We need an 
approach to motivation that neithei mmimizes these things nor 
fails to piovide foi the uniewaided learning that also occurs 
when the animars belly is full and his sex drive satiated. 

AN ALTERNATIVE TREATMENT OF MOTIVATION 

The alternative tieatment of motivation that is required by 
the present theory is here intioduced in general terms and is 
made moie piecise in the following discussion of pam and 
hunger. This will still have some of the essential pomts of con¬ 
ditioning theoiy as developed oiigmally by Pavlov and later by 
Hull The diHeientiation of two stages oi levels of learning 
(first, the assembly of cerebral cells, and second the establish¬ 
ment of connections between assemblies) makes it possible, pei- 
haps, to tieat motivation m a Pavlovian way without inseitmg 
a special postulate m the theoretical structure. Pavlov neces- 
saiily thought in terms of a sensori-motor conditioning, but, with 
the data available from electrophysiology of the central nervous 
system, one can conceive of conditionmg as the establishment of 
relations between cerebral neurons (in the fiist place) and be¬ 
tween systems of neurons (m the second) The lesult, as I have 
suggested, is a theory of associations, fiom another pomt of 
view, it IS a way of incorpoiatmg some of the advantages of asso¬ 
ciation theory mto a theoiy of conditioning—a common ground 
perhaps for Thorndike (1931) or Woodwoith (1938), with Hull 
(1943) or Guthiie (1946) 

Learning according to the present ideas consists of a lastmg 
change of facilitations between the activities of specific neuial 
stiuctures The change results when two structures (smgle 
pathways or assemblies) that have sufficient anatomical con¬ 
nections are active at the same time The fiist learning estab¬ 
lishes an organization of mdividual transmission units into an 
assembly But later learning, the kind that is usually studied 
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experimentally, is a change of facilitation between oiganized 
systems, a changed interaction between one complex of assembly 
actions and anothei* In the teimmology of Chapteis 5 and 6, 
learning is a change o£ relationship between cortical phase se¬ 
quences—or conceptual activities—because of their having oc¬ 
curred together 

It then follows that the expeiimentei who wants an animal to 
learn some paiticulai thing must achieve some contiol of the 
phase sequence In a single envuonment, the phase sequence 
may be extiemely variable Putting an animal into a paiticulai 
situation does not determine what particular conceptual activity 
will lesult Theiefoie, it cannot determine that a facilitation 
will be established between the conceptual activities the expeii- 
menter is inteicsted in When the experimenter takes furthei 
steps to limit the variety of conceptual activity that wdl occui 
in an animal, he sets up a motivation The term motivation then 
refers (1) to the existence of an organized phase sequence, (2) 
to its direction or content, and (3) to its persistence in a given 
direction, or stability of content 

This definition means that '‘motivation” is not a distinctive 
process, but a lefeience in another context to the same piocesses 
to which “msight” refers, it also means that the waking, normal 
adult animal always has some motivation (because of items I 
and 2 in the definition) though its persistence m any one direc¬ 
tion (3) may not be great 

If a bodily need is found to limit the vaiiability of central 
neural action, it can be used expeimentally to contiol learning, 
but this of course is quite different from saying that the animal 
will learn nothing unless he has first been deprived of food or 
mjured by electric shock Without such means of contiol one 
is less able to predict what will be learned in a given situation, 
but one would still expect some learning to occur 

Now we have to ask how such bodily conditions can control 
conceptual activities First, pain 

FAIN 

The relationship of pain to leaining has already been taken 
for granted, in the assumption that certain afferent processes act 
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primaiily to disrupt central neural activities (p 150) Disrup¬ 
tive processes are a general classification that includes more 
than pain. In most sensory modes there is an mtensity hmen 
at which avoidance appears. Below this point, the stimulation 
may be sought out—that is, it is 'pleasant”; above it, the same 
kind of stimulation produces avoidance and, if the avoidance is 
unsuccessful, behavioral disturbance With different kinds of 
stimulation, the avoidance limen falls in a different pait of the 
intensity range Pam is not unique, but may seem so partly be¬ 
cause there is a great lange of mtensity above the hmen of initial 
avoidance Pam, therefore, as a particular class of event, is 
regarded here as a disturbance oiigmating m the somesthetic 
afferent system, though its mechanism may be like that of dis¬ 
turbance oiiginating fiom certain sounds, smells, or tastes 

It should be understood that we are not mainly concerned heie 
with the conscious expeiience of pain, and consequently that the 
class of event discussed is not quite coterminous with pain as 
discussed m the introspective literature There is, foi example, 
what has been called “pleasant pain,” which will not be discussed 
apart from pomtmg out that the phenomenon may be exactly 
parallel to “thrill” or pleasant feai (p 233). 

I class pain then as a disruptive somesthetic event The dis¬ 
ruptive action is usually limited, and is mainly at higher levels 
m the biain stem or in the cortex At the spinal level, tissue 
injury may arouse only mtegiated reflex responses (Sherrington, 
1906), At the thalamo-cortical level, the disturbance must still 
be focalized, since of course pain is referred to specific parts of 
the body Its effects may be widespread, but if the disturbance 
becomes leally general it is emotion, not pam. 

With these assumptions, it has been shown how pain might 
contiol learning by disiuptmg one phase sequence, leaving 
another unmolested Essentially, this is a limitation of concep¬ 
tual processes m a given envuonment Pain then is a means of 
channelmg motivation, as motivation was defined m the preceding 
section It is not a source of learning, from this point of view, 
but limits and directs it However, pam does have an energizing 
effect on behavior, and in some circumstances it appears to fa¬ 
cilitate learning duectly To this possibility I shall return. 

Now let us see what the assumptions mean concerning pam 
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itself There have been in geneial two theories of pain (Morgan, 
1943). In one, pain is not a special sensory mode but an effect 
of oveistimulation of receptors for heat, cold, or pressure. In 
the other, pain is a sensory mode with its special receptors, 
peripheral nerve fibers, and conduction paths in the spmal cord 
Each of these theories has its difficulties, each has something to 
recommend it The two seem to have been thought of as mu¬ 
tually incompatible, and exhaustive: if one is proved wiong, the 
other must be right But following up a suggestion made by 
Nafe (1934),* and makmg a comparatively small change m each 
theory, we can find a way of combining them The combination 
has the best features of both, and covers certain facts that may 
be equally destructive of erthci theory singly 

Against the first, peripheral-intensity theory, is the existence 
of pain spots in the skm, here a weak stimulation can arouse 
pam, although a much stronger stimulation elsewheie does not 
Pam seems also to depend mamly on the activity of C fibers m 
the sensory nerve This in itself denies that intensity is all that 
matters m pain, but, even more, intensity m neural terms must 
be a matter of impulses pei second, and C fibers are the very 
ones in which conduction is slowest and which deliver the fewest 
number of impulses per second to any one point m the nervous 
system. 

Howevei, there are strong arguments against the alternative, 
sensozy-mode theory If pain is a sensoiy mode, it is known that 
its receptors must be free neive endings, and fiee nerve endings 
are also known to mediate pressure There may of course be 
two kmds of fiee nerve ending, histologically mdistinguishable 
Howevei, very weak or very biief stimulation of pain spots oi 
pain fibers pioduces no pain, as Nafc has pointed out, this has 
obliged supporters of the sensory-mode theory to hold that theie 
may be “nonpainful pam” 

Also, it IS not at all cleai that pain can be permanently abol¬ 
ished by clean surgical section of one or two of the tracts only, 

* And see Weddel, Sinclair, and Femdel (1948), whose views in some 
respects are idenhcal witli those elaborated here Worhs, Stem, and 
JollifEe (1942) have also anticipated some o£ this treatment They sug¬ 
gested that die faster-running impulses in A fibers can prevent C impulses 
from traversing certain synapses, so preventing pam 
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in each side of the spinal cord there are tracts that are mainly 
involved in the production of pain, but aie they solely involved 
in it? Finally, there is no specialized cortical area foi pain as 
there is for touch, and appaicntly no specialized pain nuclei in 
the diencephalon or lowei biain stem if specialized tracts for 
the conduction of pam do exist, what do they conduct to, othei 
than the centers of somesthesis^ 

The suggestion of Nafe, to which I have already referred, is 
that pam somehow concerns the patterning of cential activities 
aroused by the pain stimulus, and with this it seems that the 
mam contentions of both classical theoiies can be combined 
Let us forget peripheral mtensity, as the essential determinant 
of pain, and think instead of a central intensity that could, as 
we shall see in a moment, be mitiated by a weak stimulus in the 
periphery as well as by a strong one Let us also suppose that 
the pam fibers do not inevitably mediate pam, that the slow 
impulses, and the central connections of these fibers, are such 
that they are peculiaily effective in producing sudden massive 
discharges in somesthetic nuclei at thalamic or cortical level, 
with a widespread effect This would be pain. Isolated stimu¬ 
lation of a pain spot then would not necessarily produce pam 
but would usually do so 

It is a highly significant fact that pam is often the lesult of 
conditions that must deciease sensory activity, including activity 
in the pain fibers oi then central connections As Lasliley 
(1938c) has observed, pam is often an accompaniment of m- 
]ury to the somesthetic system all the way from peripheral 
nerve to thalamus In some cases, the pam may be due to irri¬ 
tation, but in many cases there is little basis for the assumption, 
if the facts can be explamed without it As the woik of Adrian 
(1934) and Weiss (1941fl) has shown, an essential function of 
normal sensation is a regulation of central firing, without con¬ 
trol, the filing is spasmodic or with a local hypeisynchrony, with 
it, the cells do not build up to the pomt of spontaneous dis¬ 
charge but are filed diffusely m a frequently varying pattern 
If higher somesthetic nuclei aie deafferented, everything we 
know about neuial function indicates that the cells must even¬ 
tually file, and fire more oi less ni synchrony, with massive ]olts 
to other nuclei connected with them When it is supposed that 
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pain may be a disruptive activity at the coitical level, it must 
be supposed also that a conceivable source of pam is a decrease 
or absence of peripheral sensoiy activity, even in pam fibers 
This hypothesis does not specify what kind of disturbance con¬ 
stitutes pain Evidently theie aie deviations from normal sen¬ 
sory function, mcludmg hyp of unctions, that never involve pain, 
so the hypothesis is ceitamly not complete As for pam in 
healthy persons, the piedominantly slow impulses in the sensory 
nerve may produce pam only (1) because of some peculiarity 
in the pattern of thalamic activity they arouse, apart horn total 
frequency of impulses in a given part of the affeient tiact (ie, 
apart from intensity at this level) Alternatively, pam may occur 
(2) because the slow impulses aie peculiarly efiective in arous¬ 
ing excessive bursts of firmg fiom the thalamus Either expla¬ 
nation will suit my more general thesis, though the second is the 
one I have preferred But the essential point is this a theory 
of pam must provide for the fact that an increase of pain often 
results from hypofunction m afferent structures 
I have already referred to Lashley's observation, that pam 
may follow lesions anywhere in the somesthetic system up to 
the thalamic level In Head’s (1920) classic experiment on the 
regeneration of cutaneous nerve, hypeialgesia was prominent 
According to Bormg (1916) the hyperalgesia is not a lowering 
of the pain threshold Thresholds, mcludmg that for pam, are 
raised, yet the pam when it does occur may be of extreme 
seventy Wolff and Hardy (1947, p 173) make the same point, 
concernmg patients with thalamic lesions It seems obvious that 
the rise of threshold means a deciease in the total amount of 
afferent activity The pam that is so often felt m the phantom 
limb (Riddoch, 1941) also seems an obvious accompaniment of 
a decreased sensory activity After amputation, regenerating 
nerves may form neuromas that aie a source of sensoiy irritation. 
But it is very unlikely that the total of this afferent activity can 
be as gieat as would result fiom the use of the whole limb, and 
why should pam fibers in the neuioma be moie irritable than m 
the normal limb? Neuralgia, finally, is usually thought of as an 
irritation, as a hyperfunction that must be reduced by deaden¬ 
ing the nerve But only too often an injection of the neive fails 
to work—just as might be expected if the pam, in such cases, is 
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essentially related to a %pofunction The original souice of the 
neuialgia must have been a pathological piocess in the nerve or 
the nuclei to which it leads. It is highly improbable that a 
pathological process can inciease the efficiency of any fiber, even 
a pain fibei, is it not more likely that total afferent activity has 
decreased, and that a disiuption of central timing has resulted 
from an incomplete peripheral control of central activity^ 
Return for a moment to the older theories of pain. The evi¬ 
dence concerning hypofunction directly denies the theoiy of 
peripheial mtensity It also makes difficulty foi the sensory¬ 
mode theory, but a more clearcut argument against the latter is 
found in the fact that the pattern or combination of stimuli is 
often the decisive factor foi the occuiience of pain Stimulation 
of A produces pain, of A and B togethei, no pain. The clearest 
example has been provided by Head (1920) Stimulating the 
tip of the glans penis with water at 45° C. is painful, but the 
pain totally disappears when the glans is immersed moie deeply 
m the watei. Such facts might be accounted foi if pam im¬ 
pulses aie "inhibited” by other sensory impulses, but this expla¬ 
nation has really grave difficulties 

The difficulties of the inhibition idea aie clearest if we con¬ 
sider an organ, such as a sound tooth, that contains pain fibers 
but has nevei been the site of pain We can hardly suppose that 
there are normal neive fibers that have never once been active 
ovei an individuars lifetime If we suppose that they are active, 
but at a low level that is not recognized as pam, then we have 
conceded that the activity of the pain fiber docs not essentially 
mediate pam, and the alternative is to suppose that an inhibi¬ 
tory action of othei fibers has throughout a lifetime prevented 
the occunence of pam It is very doubtful that an inhibitory 
process can be so unifoimly and continuously efficient (p 212) 
It seems in short that the pain leceptois in a sound tooth, or 
in the cornea of an eye that has had no gut in it foi months, 
must have some othei function—with weak or biief stimulations, 
that they are pressure receptors as well It is still reasonable to 
think of them as pain leceptois if, as ii seems, the thalamus in¬ 
nately has a very low tolerance foi the activity they initiate, if 
their action tends innately to result in a disruption of any be¬ 
havior that is accompanied by tissue damage 
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It may be objected that pain is a unique sensory experience, 
and theiefore that it must have its special receptors and central 
connections which serve no othei function. But competent in¬ 
trospective observation has always found moie than one Icmd of 
pain experience, and Titchenei (1920) gives four: puck, clear 
pain, quick pain, and ache, each no more closely related to 


Tickle 



Ficure 18 Diagram from Titchener, 1920, showing tlie independence of 
various kinds of pain, mtrospectively determined By permission of die 
Amencan Jout ml of Psychology, Karl M Dallenbacli, Editor 

another accoidmg to his diagram (figme 18) than quick pain is 
to bright pressuie or to itch * Clearly, the subjective evidence 
in itself does not establish a sepaiate modality of pam, mteinally 
unified, and distinctive fiom otheis How then have we aiiived 
at tins impiession of uniqueness? 

I have already suggested that pain may seem unique because 
the limen of avoidance m tlie intensity lange of the pain 

^ Piofessoi Dallenbach, in a personal communication, has poinled out 
that otlier evidence may render this account of pain, by Titchener, out of 
date I cite it here, however, as showing tliat competent introspective 
observation does not inevitably find pain to be a single entity, whatever 
file conclusion from other experiments may be Professor Dallenbach has 
drawn my attention also to his ingenious experiments with Burns, Stone, 
and Edes (Dallenbach, K M, “Pam history and present status,” Amei J 
Psychol, 1939, 52, 331-347), winch controvert the theory lliat pain is in¬ 
tensive stiinulation of tactual receptors only, but do not appear sufficient to 
show that it IS a separate and coequal sensory mode 
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stimulus IS so low It may also seem unique because the char¬ 
acteristic event causing it, damage to body tissue, is not imme¬ 
diately leveisible* Once the damage is done the stimulation of 
nerve continues and avoidance does not put an end to it It is 
common knowledge that there aie noises that aie almost unbeai- 
able, although the fact is haid to demonstrate m the laboratory 
(Miller, 1947) But one can move away fiom the noise or covei 
the ears, at once decreasing the intensity of stimulation These 
conditions must tend to determine a special kind of learning 
related to pain, with a more strongly maiked avoidance and a 
greater emotional element, even though the mechanism of the 
disturbance when it does occur is the same m different sensory 
systems. 

Let me say again that this hypothesis of pain is incomplete 
Hypofunction often occurs without pam, syringomyelia, a de¬ 
generative disease of the cord, provides an outstanding example 
The hypothesis is of value in suggestmg how pain may result 
from hypofunction, and in reconciling divergent views of normal 
pain Intensity is still a factor, but at the cortical or thalamic 
level, and the aiousal of C fibers may still have a special sen¬ 
sory qiialey not disruptive of behavioi at the veiy lowest level 
of intensity or duration, but promptly becoming disruptive un¬ 
less they are part of a much more extensive stimulation that has 
a thoroughly well-oiganized cential action This central organi¬ 
zation would be a diffuse firmg, and would make impossible what- 
evei pattern of local synchronization it is, in the ventral nucleus 
of the thalamus, that leads to local disruption in the cortical 
somesthetic aiea and so constitutes pain 

It may be proposed that tlie optimal condition for the arousal 
of pain without gross bodily mjmy is a punctate stimulation of 
the relatively ineffEcient C fibeis—being inefficient, they do not 
readily set up a well-organized cential action, and, accordingly, 
that it is not a complete hypofunction of affeient systems that 
conduces towaid pam, but a decreased efficiency. Highei somes- 
thetic nuclei then lack their normal degree of sensory control 
and become hypei-responsive, and yet aie still exposed to an in¬ 
termittent "triggermg” from peripheral stimulation A complete 
deafferentmg consequently would fully eliminate pain, while 
pathological changes without complete destiuction, up to and per- 
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haps including the nucleus ventralis thalami, would increase it* 

Specifically, lesions of peiipheral nerve would then be con¬ 
sidered to have i educed the efliciency of A fibeis to that of C 
fibeis—that is, make them into pain fibeis, higher lesions would 
have a similai effect by reducing the efficiency of A-fibei con- 
tiol of thalamic and cortical tissue. It would thus be conceiv¬ 
able also that 'quick pain' could be aroused by undamaged A 
fibers, though less leadily, since their contiol is moie efficient 
than that of the C fibei 

It is possible now to complete the pictuie of pam as lelated to 
learning, and especially as havmg a positive value m learning 
The psychological entity pain must be a disiuptive action at the 
coitical level, but the pam stimulus has othei effects In the 
spinal animal, it may aiouse only a well-coordinated leflex avoid¬ 
ance (Shellington, 1906) In the diencephalic animal, it is 
likely to produce sham rage, with an mtegiated action of the 
whole oigamsm (Baid, 1934) It has been seen in the preced¬ 
ing paragraphs that the stimulus that by itself aiouses pain may 
have no such effect when combined with othei stimulation 
The pain stimulus aiouses pain when its central action is un¬ 
organized and inteiferes with othei, oiganized action, but not 
when it enteis into and foims pait of an organized neuial action 

Pavlov (1928) and Liddell (1944) have shown that the dis- 
turbmg effects of cuttmg and bummg the dog's skin disappear 
completely when the pain stimulus is legulaily followed by feed¬ 
ing, in the conditioned-ieflex proceduie The transformation 
from typical pam lesponses to feeding i espouses was giadual, 
once it was established, there was immediate i elapse when the 
site of pam stimulation was changed to new paits of the body 

This means that theie were synaptic changes m the cortical 
region m which the focal pam distuibance oiigmally occuried, 
leading to the disappearance of pam from one legion of the 
body, not fiom others In that one legion, the pain stimulation 
now aroused organized coitical activity This conclusion is 
meaningful foi the observation of Muenzmger (1934) and Diew 
(1938) that givmg a lat electric shock for the coirect i espouse 
(followed of couise by food) incieases the rate of learning In 
Drew's experiments, when the food itself was electiified so that 
the rat got a shock with every bite, eating was voracious In 
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such a case, oace the central cftects of the pain stimulus have 
become organized, we must legard the stimulus as essentially 
motivating ]ust as a blow of the whip may be motivating and 
energizing to a racehoise that appears already to be exerting 
himself to the utmost—a fuither stimulation that adds to the 
effectiveness of a pre-existent ceiebral control of behavior. 

HUNGER 

The treatment by Moigan (1943) is taken here as a basis for 
discussing the problem of hunger, with two questions to be kept 
in mind, how the approach to motivation outlined in this 
chapter accords with the expeiimenlal facts of hunger, and 
whether it can be of any fuither value for undeistanding the 
behavior involved 

The fundamental problem is to know what contiols the initia¬ 
tion and teimmation of eating (or drinking). Hunger is defined 
heie as the tendency to eat, conscious awaieness oi veibal lepoit 
of hungei is important only as a convenient index of that tend¬ 
ency Eating IS not necessaiily dependent on the occurience of 
stomach conti actions, since the surgical removal oi deneivahon 
of the stomach does not pi event or decrease it It is not neces¬ 
sarily dependent on blood-sugai level, since hungei is reported 
when the blood-sugar level has not changed (Scott, Scott, and 
Luckhardt, 1938) Both stomach contractions and blood sugar 
aie related to hunger, but m no simple way. 

The termination of eating also has no simple control The 
animal that has been starved cats more than one that is well fed, 
but the termination of eating comes befoie the food can have 
much effect on bodily tissues A thiisty animal will drink ap¬ 
proximately the amount of his watei deficit, and stops dunking 
befoie the water has been absoibed The expeiiment can be 
done in fact with a dog with a fistula in his tin oat, so that little 
if any of the watei is absorbed, yet '"satiation” occuis (Bellows, 
1939) 

The problem is complicated but not fundamentally changed 
by the demonstration that theie is not one but a number of 
hungeis (Richter, Holt, and Baielare, 1938, Young, 1941) The 
rat lackmg any one of a dozen or so substances will choose a 
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diet containing that substance, selectively correcting a specific 
deficiency We still have the same problem what is it that ini¬ 
tiates the eating of salt oi sugai, or drinkmg water, and what 
teiminates it? Appetite and satiation aie selective, but it is de¬ 
sirable if we can to avoid postulating fifteen oi twenty mecha¬ 
nisms (allowing for future discovery of othei hungeis besides 
those we alieady know), all in contiol of noimal eating If pos¬ 
sible, we must find a single mechanism to comprehend the facts 

The neuial mechanism that detei mines such motivated be¬ 
havior as eating oi sex activity Moigan has called the "cential 
motive state” This, for the theoiy piesented in this book, evi¬ 
dently IS a phase sequence or conceptual activity It does not 
require that we postulate a special piocess to deal with hungei, 
but only that the process already postulated have some distinc¬ 
tive featuie for each of the sepaiate hungers Conceptual senes 
A, B, and C might coirespond to one hunger, A, B, and D to 
another, and so on 

The total process would fit Morgan’s specifications foi the cen- 
tial motive state, since (1) the phase sequence is independent 
of input from any specific sensoiy mode, (2) it has a cential 
piimmg action that reinfoices some sensoiy stimulations and not 
otheis, and (3) it evokes specific foims of behavior, since each 
phase in the phase sequence may have its specific motor facili¬ 
tation Morgans final specification (4) is that the central mo¬ 
tive state arouses geneial activity oi restlessness foi the present 
theory, this is qualified by saying that the restlessness must occui 
only when the environment fails to supply the specific stimula¬ 
tion that the central motive state would leinfoice—that is, when 
the hungry animal is not exposed to food, oi the sexually moti¬ 
vated animal does not have a sex partnei at hand 

This point IS of some impoitance We must distmguish be¬ 
tween an integiative, motivating effect of a lack of food, and a 
disintegiative one The integiative action appeals m any pur¬ 
poseful search for food, and in eating That it occurs, in the 
expeiienced animal and m a familiai envuonment, is an evident 
fact, it IS the real fact with which most discussions of hunger 
have been concerned, But the picture will not be complete if 
we lecognize only this aspect of the problem, and assume im- 



192 Problems of Motivation: Pain and Hunger 

plicidy that the physiological need of food equals hungei (that 
IS, the tendency to eat) 

Theie aie two leasons foi denying such an assumption One 
IS that learning is involved in hunger, as we shall see in a mo¬ 
ment The othei is that, until this learnmg has occuiied, the 
lack of food is apt to be disiuptive of behavior The efiect of 
the lack appeals in restlessness, which is not duected behavior 
but implies an instability of direction restlessness as such is not 
a puiposeful seeking but activity without puipose With more 
experience, the restlessness becomes a directed seaich Bio¬ 
logically, it has seived a puipose, having made a certain kmd 
of learning possible, but this does not make it, fiom the psycho¬ 
logical pomt of view, puiposeful—and the point here is that the 
first effect of a lack of food is not an inci eased duectedness in 
behavioi (unless the mouth happens to be in actual contact with 
the nipple, when theie is directedness at the reflex level) 

Even in experienced subjects the need of food has dismtegiat- 
ing effects The i elation of hunger to emotional disturbance is 
notorious, and Goodenough (1931) has shown it clearly m a 
study of anger in childien Lack of food, oi of some j)aiticulai 
element in the diet, such as salt (Saphn, 1945), can pioduce 
piofound and lasting emotional disturbances 

Furtheimoie, hunger itself—the tendency to eat—may be dis¬ 
rupted by a lack of food Hunger piactically disappeais about 
the fourth day of staivation in man, and theie may even be a 
"lepugnance” to food (Carlson, 1916) In the rat, the late of 
eating is markedly lowered by the fourth day, and the amount 
eaten is also low (Bousfield, 1935) Physical changes in the ah- 
mentaiy canal would account for the smallei total intake, and 
even perhaps for a 50 per cent decline m the rate, but they would 
not account for a total loss of human appetite if the neural 
mechanism of hungei weie undistuibed 

In chronic starvation, howevei, the hungei mechanism seems 
undistuibed even though the degiee of malnutrition may be 
great Is it possible that the difference heie is due to learning, 
in the same way that learning changes the restlessness of the 
first need of food into a directed search^ Let us look at some 
evidence concerning the relation of learning to hunger, before 
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returning to the question of how a lack of food might disoiganize 
behavior 

It IS common knowledge that a peison eating on an irregulai 
schedule when he is used to a regular one, and so without his 
usual enviionmental cues foi eating, may be “hungry without 
knowing it” With a deficiency suflScient to pioduce headache 
and in liability, he may find out what is wiong only when food 
tastes unusually good or when his symptoms disappeai as a 
consequence of eating The fact obviously suggests that eatmg 
IS partly a learned i espouse to certain environmental events. 
Hungei, defined as the excitation of a neural mechanism that 
controls eating, is not a simple direct product of a need for food. 
Theie are cognitive factors to be considered when hunger is 
studied in the mature animal 

It does not aflect the value of Richters study of food piefer- 
ences (Richtei et al, 1938) to recognize that his method clearly 
peimits of a short-teim learning as a factor in prefeience Young 
(1944) and Beebe-Centei, Coffin, and MacLeod^ in fact have 
shown that the learning has a strong influence 

Also, it IS well known that tame laboratoiy lats deprived of 
food, taken from then cages and offered food in a strange place, 
will for some time eat little or nothing. Befoie he will xun m 
a maze for food lewaid, the rat must be given the loutme “pie- 
liminaiy training ” extending over a period of days Inanition, 
meanwhile, may become extieme It has been geneially sup¬ 
posed that the failure to eat is due to an independent emotional 
distiubance, but some pielmiinaiy experiments (to be lepoited 
in more detail elsewhere) suggest strongly that this is not the 
whole explanation. 

Six rats were thoroughly habituated to an enclosed field, con¬ 
taining a number of movable objects, ovei an 8-day peiiod 
Then they weie deprived of food for 24 hours, and put into the 
field with food and water piesent The amount of time each 
rat spent eatmg, in a period of 120 seconds, was recorded The 
procedure was repeated a number of times as one would caiiy 
out a learning expeiiment, to see whethei the amount eaten 
would be affected by "practice'—whether it would be small at 

* Personal coinniunzcation /lom Dr J G Beebe-Center 
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first, and increase on subsequent days, whethei ''forgetting” 
would occui when piactice was inteimpted, and whether 
changes in the enviionment might change the i espouse, but 
without inducing emotional distuibance to account foi failure 
to eat 

The amount that a lat can eat in 120 seconds is not neaily 
enough to mamtain health, but the avciage time spent eating 
in the fiist test was only 79 seconds, one lat eatmg for as slioit 
a tune as 35 seconds On subsequent days, the amount in- 
cieased, dropped whenever practice was mteirupted (t.e, after 
the rats had been left for a few days in then cages with food 
and watei present, before being tested again) and lose once 
more when practice was resumed, and dropped with each 
change in the ariangement of objects in the expeiimental envi¬ 
ronment The changes induced exploration but no evident signs 
of emotion It is also important to note that theie was no tend¬ 
ency to take a bite of food and then exploie, or even to take 
a quick bite whenever exploration brought the anunal near the 
food (this shows up later, as the rat becomes more sophisti¬ 
cated ) 

A second experiment was done to check on these results, and 
also to see what would happen when exploration was eliminated 
In this expeliment 10 rats (from anothei colony) weie tested 
individually m a living cage, being allowed food foi 300 seconds 
after a 24-hour depiivation, and again after a 48-houi depiiva- 
tion. The average time spent eatmg was again low on the iiist 
test—41 seconds one animal ate for as short a time as 5 seconds. 
On the second test, the aveiage lose to 140 seconds. But the 
total amount eaten was still estimated to be not nioie than one- 
tenth of what would be necessaiy to mamtain even a depleted 
body-weight 

It seems therefore that the lat must leain to eat the amount 
he needs, and "satiation”—cessation of eatmg when no external 
event has occurred to mteiiupt it—occurs before the physio¬ 
logical needs of the unsophisticated animal have been met 

These results agiee with the indications that human hunger is 
partly dependent on being aioused by events associated with 
eatmg They also show that a theoiy of hunger does not neces¬ 
sarily have to account for an automatic regulation of the amount 
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eaten, that will ]ust equal the amount needed The termination 
of eating or diinking may be determined by experience, in part 
at least (but paitly as the teimination of other pleasurable ac¬ 
tivities IS deteimined, by a kind of fatigue Chaptei 9) This 
learning piocess is prolonged I have the impiession that the 
rat, offered food for short periods only, at 24-hour inteivals, will 
take from 3 to 5 weeks before he gets to the point of promptly 
eating the amount of his food deficit as soon as food is made 
available. 

Must theie not be something of the same sort of learnuig in 
the hunger of the dog and cat^^ The expeiiment suggests that 
when hunger in the dog is to be studied it will be necessary to 
know the animaFs history or, better, to rear the animal in the 
laboratory with a systematic control of his experience of the 
need of food Data obtained when this has not been done may 
make hunger appear more an innately established process than 
it actually is 

METABOLIC FACTORS DISTURBING BEHAVIOR 

The evidence discussed in the preceding section has indicated, 
first, that lack of food tends to disiupt behavior, producing rest¬ 
lessness, discomfort, irritability, and, in the extreme degree, emo¬ 
tional apathy Secondly, a learning process seems to be involved 
in transforming this primitive disturbance into hunger as we 
know it in the adult animal or human being 
We may now ask what the source of the original disturbance 
is before considering (m the next section) the processes that 
transform it The present discussion, piimaiily of the origins 
of hunger, has a broader implication and will be relevant also to 
the problem of emotional disturbance due to metabolic disorders 
It is well established that the need for food affects the central 
nervous system directly, through changes in the blood content 
(Morgan, 1943). (Theie may of couise be peripheral effects as 
well ) The effect of chemical changes in the blood content 
would influence the rate of firing of the nerve cell A nutritive 
deficiency may be thought of as usually lowering the rate, 
though a calcium deficiency might laise it (Lehmann, 1937fl, 
Bronk, 1939), the important thing being the change of rate 
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rather than the direction of change. It must also be assumed 
that any particulai chemical influence would not affect all cells 
equally. There is a considerable variety m the malce-up of cen- 
tial neuial cells and their leaction to changes of blood content 
This IS shown in the selective susceptibility of particulai paits 
of the central nervous system to particular diseases and toxins; 
it IS also shown in the diffeiential effects of anoxia and of vaiious 
anesthesias The filing of some cells may be especially changed 
by a lack of thiamin, otheis by hypochloiemia, and still others 
by hypoglycemia. 

Now it has been seen that neural mtegration is fundamentally 
a question of timing, quite apart from the paiticular theory of 
integration that has been developed in these pages. Metabolic 
changes, by alteimg time lelations in nemal flung, must tend to 
disrupt behavior—not merely slow it up, but disorganize it 

In the present theory, timmg has its effect m the functioning 
of the cell-assembly and the interrelation of assemblies diffuse, 
anatomically irregular structuies that function briefly as closed 
systems, and do so only by vutue of the time relations in the 
firing of constituent cells. Synaptic changes are necessary to 
the setting up of an assembly, but these act by cooidmating 
the action of two oi more cells The firing of one cell imme¬ 
diately aftei another is not determined by synaptic knobs alone 
but also by what is going on m some other cell or cells. Synaptic 
knobs alone cannot determine that a particular system will func¬ 
tion as such 

Furthermore, an individual cell oi transmission unit may enter 
into moie than one assembly, at different tunes Which it will 
foim part of, at any moment, depends on timmg in other cells, 
and to enter mto any assembly lequues that its frequency ac¬ 
cord with the time propeities of the active system If a meta¬ 
bolic change affects one cell much more than other cells in the 
system, it must drop out, if enough cells diop out, the assembly 
does not function 

If, instead, all the cells in an assembly aie affected to about 
the same extent, the system would contmue to function, but the 
facilitation delivered to other assemblies might be modified m 
a way that would disturb, or redirect, the phase sequence (that 
IS, the sequence of assembly actions). 
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At any one moment, the action of an assembly may be con¬ 
sidered to be on an all-oi-none basis, the system functions as 
such, or it does not But an affected assembly might function 
at one time and not at anothei, in agreement with the statistical 
approach of Chaptei 4 Suppose foi example that the function¬ 
ing of an assembly requues the activity of n pathways m paiallel 
at some point in the system, and that n + 4 aie anatomically avail¬ 
able At any time, some pathways are refractoiy but there is 
noimally a maigin of 4 at this point, mamtammg the opeiation 
of the system. If now a change of blood content lengthens the 
recovery cycle of some of these cells, the average number of 
refractory pathways might use from 2 to 3, say, and the uppei 
limit of the number fiom 4 to 6 When 5 oi 6 aie refractory, the 
number of available pathways would fall to n — 1 or n — 2, and 
the assembly does not function for tire moment A half second 
later, it might again be responsive 
One might assume that longer-established assemblies would 
have in geneial greater safety maigms With the gieatei devel¬ 
opment of synaptic knobs, due to more frequent activity, the 
number n might decrease (p 66). This would imply that oldei 
habits, and longer-established memories, would be most resistant 
to disruption by metabolic changes of blood content 

In geneial terms, these ideas piovide a rationale for the ac¬ 
tually observed disturbance of behavior that may result from 
changes of blood content, whether in hunger or otherwise In 
hunger itself, the blood change might be a lack, as in hypo¬ 
glycemia, oi it might be the addition of the 'hungei hoimone*' 
of Luckhardt and Carlson (1915) and Morgan (1943) This 
would be a substance libeiated by depleted body tissues, with 
a selective effect on the firmg of neural cells 

THE MECHANISM OF LEARNING IN HUNGER 

The facts discussed earlier, showmg an element of learning 
in hunger, leave lOom at present for a considerable difference 
of opinion as to how large a part it plays In order to further 
define the problem for leseaich, let us assume for the moment 
that the innate factor consists only of the reflexes of sucking, 
chewing, and swallowing, of spitting out noxious substances, and 
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of the activities of the gastrointestinal ti act—that all else is 
learned,* The deficiencies of tins appioach will help us to dis¬ 
cover what facts are needed for a better understanding 

Stimulation of the lips of the newborn infant elicits sucking, 
as a reflex activity. The same stimulation stops hunger contrac¬ 
tions, and the effect is increased by the stimulation of taste buds 
and by swallowing (Cailson, 1916). In the adult at least the 
effect of stomach contractions is related to pain ('‘hunger is an 
uncomfoitable pain sensation caused by stomach contractions” 
Carlson, p 97)—mild, but painful In the mfant, also, the be¬ 
havior accompanymg strong stomach contractions is m general 
not to be distinguished from the effects of a loose safety-pm in 
the diaper 

Consequently, hunger contractions should have the same role 
as pain m their effect on learning As the contractions begin 
and get stronger, some time after suckling, there would be an in- 
creasmg disturbance of the intrinsic organization of activity m the 
infant’s ceiebium (p 121) This oiganization it will be recalled 
makes foi inactivity m behavior, other than reflex behavior, as 
it IS broken up, an increasmg restlessness should be expected 
As a result, the moving mouth is likely to make contact with 
the nipple. Reflex sucking follows, with a furthei stimulation of 
taste buds and swallowmg stomach conti actions cease, and the 
restlessness disappears 

Later, as the infant becomes moie mobile and explores more 
of his environment, othei things aie investigated and entei the 
mouth, with similar effects Some things produce, perhaps, too 
strong a stimulation of salt, sour, or bittei receptors and aie spit 

* In correcting proof 1 lealize how misleading this statement may be 
Obviously, I assume that the “innate factor” also includes all the mechanism 
that determines what kind of leainmg will take place It includes for ex¬ 
ample tlie susceptibility of corfacal oiganization to disturbance by hunger 
pangs or lowered blood nutrients 

Throughout this book the reader may feel that the emphasis is too much 
on learning But tins is only verbal Whenever one could think of several 
ways in which some particular learning might happen, but recognizes that 
the facts of anatomy or physiology allow only one of them, one is recognizing 
the existence of the innate x^^culianties of the central neivous system All 
mammalian behavior involves learning, but the innate factor is always there, 
determining what learning occurs and how 
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out Others fall below the avoidance limen, reduce to paste and 
are swallowed These edible substances, not only stimulating 
taste leceptors but also being retained in the mouth and even¬ 
tually swallowed, are evidently the ones that most effectively 
inteirupt stomach contiactions they piovide more of the inhib¬ 
iting stimulation, and more-prolonged stimulation. 

The conditions necessaiy foi learning aie provided in this 
sequence of events As the sequence is lepeated, the sensory 
stimulation—visual, olfactoiy, gustatoiy, and kinesthetic—oigan- 
izes assemblies of cells with a motoi facilitation of the vaiious 
activities of eating This bungs eating farther and faither undei 
coitical control, and so increases the possible influence of learn¬ 
ing The sight, smell, and taste of food, the tactual stimulation 
of mouth and thioat, and kmesthesis from chewmg and swallow¬ 
ing aie the stimuli that arouse this assembly action To a cer¬ 
tain extent, the sensation fiom stomach contractions itself would 
become conditioned to aiouse the same activity Though pii- 
marily disiuptive, like pain, this sensation should like pain be 
capable also of being conditioned to eating responses It has 
been seen that the potentially painful stimulation is not disiup- 
tive (that is, it is not pain) when it forms pait of a stimulation 
that has well-organized cential effects Finally, the development 
of conceptual processes conti oiling eating makes possible an 
association of eatmg with othei conceptual piocesses 
Schematic and oveisimplified, this discussion still shows the 
way toward avoiding oversimplification It points out tlnee 
ways in which hungei—an organized activity in the coitico- 
diencephalic system—can be aioused (1) by the sight and smell 
of food and the sensation of eating itself, (2) by stomach con¬ 
ti actions, and (3) concexDtually, as the sequel to a tiain of 
thought These agencies may summate One, on occasion, may 
not be effective by itself, but becomes effective when another is 
added to it Hunger can then be aroused or fuither inci eased 
by an attractive appeal ance of food, oi by its smell and taste 
Such effects are familiar, but since they do not fit into the 
lubric of hunger as a bodily need, or alternatively as sensations 
from the stomach, we are apt to foiget them Consider the 
salted-nut phenomenon Oidmaiily, one can take salted nuts or 
let them alone—until one has eaten a mouthful, when it becomes 



200 Problems of Motivation: Pain and Hunger 

much harder to let them alone Hungei has inci eased but how? 
A lack of food cannot be mci eased by eating something, and 
stomach conti actions aie stopped by chewing and swallowing 
If, howevei, we considei hungei to be neithei a particular con¬ 
dition of the body, noi a set of sensations from the stomach, but 
an organized neuial activity that can be aroused (like any other 
conceptual process) in several ways, the puzzle disappears* The 
schematizmg of the pieceding paragraphs, then, has developed 
some of the fuither possibilities of Morgan s conception of the 
central motive state. 

The puzzle ]ust refeiied to has been dealt with in the past by 
a distinction of hunger from appetite ('"A taste of salted nuts 
does not increase hungei, it only increases appetite ”) The solu¬ 
tion IS not a good one because no one has been veiy clear as to 
what appetite is, if it is not hungei It seems m fact that hungei 
cannot exist without appetite, and ‘"appetite” seems in practice 
to be a term that is applied to the tendency to eat when eating 
is not biologically desiiable oi valuable, “hungei” when it is 
desirable Such a distmction has no place in discussion of the 
physiological control of eating 

If the explanation proposed m this section is light, cutting the 
vagus in the newborn mfant will i etard the normal development 
of hungei, by preventmg the postulated role of hunger pangs 
in the learnmg process Cutting the vagus does not stop eating 
in the adult, but it may have more effect at an eailiei stage 
This would provide a direct experimental test of my schematiz¬ 
ing It IS not predicted, however, that no learning could then 
take place, since theie is still a mechanism of addiction to food 
to be discussed, which would also provide a basis for learning 
The explanation predicts that cutting the vagus would letaid the 
development of hunger, perhaps seriously, but would not pre¬ 
vent it entirely. 

HUNGER AS AN ADDICTION 

I have already discussed the metabolic changes due to lack of 
food as a disturbing influence on behavioi The treatment of 
hunger can now be completed by considering the relation of 
these changes to the leaining process a relation that makes eat- 
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ing, in the mature animal, equivalent to an addiction, as Carlson 
(1916) long ago suggested 

It may be objected that hunger cannot be i elated to metabolic 
changes, because of the experiment by Scott, Scott, and Luck- 
haidt (1938) m which it was found that hungei can occui in 
human subjects with no change of blood-sugar level This ex¬ 
periment IS valuable, but m the light of piesent knowledge, and 
the discussion of the pieceding pages, it needs two thmgs to be 
complete: # 

1 In the fiist place, we need to know about othei blood com¬ 
ponents besides glucose Glucose is only one of a number of 
substances involved in hunger if theie are nine specific hungeis 
besides those foi oxygen and water (Morgan, 1943), theie aie 
nme substances whose concentiatioii in the blood must be exam¬ 
ined befoie it can be concluded that hungei is not detei mined 
directly by the blood content 

2 In the second place, smce we know also that theie is an 
important element of learnmg in hunger, the experunent should 
be repeated with subjects in eaily infancy^ Only then will it 
be possible to say that stomach contractions are not deteimmed, 
oiigmally, by changes of blood content, oi to conclude tliat the 
development of hungei is independent of such changes The 
obvious expeziment, dealmg with both pomts 1 and 2, is to de¬ 
termine the levels of thiamm, chlorides, and so on, in addition 
to the level of glucose, at the time when a need of food begms 
to disturb infant behavior or when the adult actually reports 
hunger 

Until such an experiment is done we can only speculate, but 
a little speculation may help to define the problem Return to 
the learning piocess of the last section* In general, the cell- 
assemblies whose activity is hunger would be organized in a 
condition of mild deficiency We do not know whether this 
condition is enough to produce a lowermg of blood nutrients, 
or secretion of the hunger hormone, but, if it is, observe that a 
mild deficiency would be the optimal condition for the function¬ 
ing of the assemblies m question. It is not a low blood sugar, 
or low chlorides, that would be disruptive of an assembly, but 
a change from the level at which the assembly was organized 
If hungei IS established originally m the presence of a slight 
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deficiency 5 the return of blood sugar and so on to noimal would 
tend to disrupt it, and equally, a moie extieme loweimg of the 
blood-sugar level This accounts for a loss of appetite in staiva- 
tion, and is a fiist step towaid accounting foi satiation 

Suppose that an expeiienced, adult animal is exposed foi the 
fiist time to a seveie lack of food Both the increased hungei 
pangs and lowered blood nutiients contribute to a disturbance 
of cortical organization and so of behavior If the disintegration 
of the hungei mechanism itself has gone so far that there is in- 
diifeience to the thought of food, or if the animal put where he 
can find food makes no effort to seek it out—that is, if the hungei 
mechanism is not excitable conceptually—the sight and smell of 
food may be more effective, oi food in the mouth may be This 
sort of thing of couise has been observed in starvation The 
animal is apathetic about food until he has eaten a mouthful, 
and then shows an increased hungei (the “salted-nut phe¬ 
nomenon' again) Once swallowed, the food is absorbed and 
leveises the slow fall of blood nutrients, inci easing the possi¬ 
bility of actual hunger as an organized ceiebial action 
Now obseive that each occuiience of such a sequence of 
events in chionic starvation would tend to set up new cell- 
assemblies (oi modify old ones) by the same piocess that set 
up assemblies in the normal infant The new assemblies, how¬ 
ever, would be such as to function best in a condition of low 
blood nutrients. The learning then would establish a hungei 
that could occur strongly in the presence of staivation, and not 
as before only with a minimal need of food 
Hunger established in the presence of lowered blood nutrients, 
and having the effect (tlnough eating) of raising them, would 
be physiologically the equivalent of an addiction—biologically 
valuable, but still an addiction There has occasionally been 
confusion m distinguishing between addiction and habit Some 
writers apparently have seen no difference (except possibly in 
strength) between a habit of dunking milk at bieakfast and a 
habit of dunking coffee But an addiction involves more than 
a lelationship of overt response to certain sensory stimulations 
otherwise Sanka, with the taste and smell of coffee but without 
its caffeine, would satisfy every need that coffee does and could 
be substituted for it without the victim's knowing that anything 
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had happened Unfoitunately, it cannot the addict may not 
know what has happened, but he will know that somethmg is 
wrong. An addiction, therefore, besides involving habit, also 
acts so as to maintain a blood concentiation of some substance 
that IS necessaiy to stable neural functionmg, or whose absence 
lesults in emotional disturbance, restlessness, and discomfoit oi 
pain. This is a trite statement, but one of its implications should 
be consideied What has happened to prevent integiated neuial 
function, m the absence of the drug? 

We know, first, that there is always a peiiod of ‘leainmg"' or 
appienticeship, m addiction, and we know also that an addiction 
lasts longei than the overt withdiawal symptoms of physiological 
disturbance It may be proposed, therefoie, that the learning 
is a genuine leainmg, and that it consists m part of the change 
of assembly action discussed above in relation to staivation It 
follows that an addiction must be considered to be more than 
a metabolic leoiganization it mcludes a neuial reoiganization 
also, and one that tends to persist, since (as any tobacco addict 
01 alcoholic knows) a “cure*' is apt to be unreliable and the 
addiction can be leinstated much moie piomptly than acquiied 
for the first time. 

It is this very learning in addiction that we must know more 
about, to undei stand hungei. The learning can be desciibed as 
an association between a sensory event and the subsequent 
euphoria, being at peace with the woild follows a full belly, oi 
an injection of morphme The reference to “association,” how- 
evei, is misleading if it suggests that we undeistand the mecha¬ 
nism involved. We do not 

The problem of a learned piefeience, eithei foi a diug or a 
needed food substance, can be seen bettei in the light of Spragg s 
(1940) study of moiphine addiction in chimpanzees Foi ex¬ 
ample, his expeiiment has demonstrated the diffeience between 
physiological dependence on a substance, and addiction to it 
Daily mjections established a dependence on moiphine, demon¬ 
strated by withdrawal symptoms when the diug was withheld 
But his chimpanzees still took a consideiable time*-fiom thiee 
weeks to three months—befoi e they discovered the connection 
between (1) injection of the diug and (2) feeling bettei This 
exemplifies an intei mediate stage of addiction Eventually, the 
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chimpanzee in need of morphine tried hard to get an injection 
(by strugglmg to get to the accustomed room, gettmg the hypo^ 
deimic needle and giving it to the experimentei, and so on). 
The learning that leads to this final stage of addiction piesents 
us with our problem, the same one that is involved in hunger* 
It has sometimes been said that the rat in need of salt learns to 
eat It, by “experiencmg its beneficial effects ” Spiagg has shown 
that an association of this kind can occui, even if its mechanism 
IS not at all cleai, and his data should be kept m mind m deal¬ 
ing with the problem of the self-selection of diet 

When a rat is suddenly put on a salt-free diet, he may be 
considered to be in the mteimediate stage of addiction His 
behavior shows that he has a physiological dependence on salt, 
but he may still have to leain to look for salt-contammg foods 
and eat them selectively. 

The immediacy and reliability with which an animal will coi- 
rect a dietary deficiency seems to have been overestimated—at 
the least, overemphasized I have already cited Young (1944) 
and Beebe-Centei (personal communication) as showing that 
the lat’s preference foi a needed food is not immediate, but 
learned. With a low concentration of the needed substance, 
preference is established slowly, it may lequne as long as 7 
days With stronger concentiations, the piefeience appears 
eaily But showing that a lat already has a complete prefer¬ 
ence at the end of 24 hours does not show that no learning has 
occuiled We badly need a detailed study of what learning may 
occm m the first 10 minutes, or fiist houi, of a lafs exposure 
to a choice of foods 

The Editors of Nutrition Review (1944) in a summaiy of the 
history of this topic, and a papei by Pilgrim and Patton (1947), 
have diawn attention again to the uni el lability of the self- 
selection method m many ciicumstances The failuies must be 
kepi in mind as well as the successes, if selective hungers aie 

* Dr Austin H Riesen has pointed out, in a personal communication, that 
anodier example is the slowness witli which air crews learn what to do 
about oxygen deficiencies, when oxygen is available 

Obviously tlie law of effect would be the very thing to invoice to account 
for such learning, but I can still find no satisfactory way of fitting it into 
the present set of physiological conceptions 
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to be explained Man is notoriously capable of malnutrition 
whde fieely choosing his own diet This might be put down to 
bad habits, inteifering with an mnately sound mechanism of 
choice, but such an explanation would hardly account foi hypo- 
chloremia, piomptly relieved by taking common salt (Saphir, 
1945), in men who had access to salt-shakers Their symptoms 
weie severe, and their condition once moie can be pioperly 
likened to that of Spiagg's chimpanzees when they had with¬ 
drawal symptoms without seeking a morphine injection Man 
must often learn to take more salt when he moves to a tropical 
climate, and the learning is not automatic 
Until such learning has occurred, it appears that the only 
direct effect of a need of some paiticular food, oi of food in 
general, is restlessness, emotional disturbance, and malaise The 
lack of specificity in this distuibance may well be a clue to the 
nature of pathological eating, arising fiom emotional disturb¬ 
ance, or of the alcoholic’s tendency to eat a less and less ade¬ 
quate diet Clmically, theie is an inescapable relation between 
drug addictions, food habits, and chronic emotional disturbance 
The fact has some meaning on the assumption that the need of 
food 01 drug, and emotional disorder, have a common element 
in a disruption of timing in the firing of central neural cells, and 
on the further assumption that this disruption is transformed 
into an organized action by a process of leainmg 
An hypothesis dealing with part of this leainmg process has 
been set forth in the present chapter, but there remains a part 
about which the hypothesis must be so vague as to have no 
present value. Once more, Spragg’s experiment makes the 
matter clearest He found it possible, once a full addiction was 
established, to abolish withdrawal symptoms by an injection of 
saline onZt/—biiefly, but nonetheless effectively (Spiagg, 1940, 
pp 95-96) Similar effects are known in human addicts, and 
‘‘explained” by a reference to suggestion, Here we have a sen¬ 
sory and perceptual event substituted effectively foi the physio¬ 
logical presence of a substance in the blood stream. The ana¬ 
logue in hunger is the occuirence of satiation long before a 
meal has been absorbed from the stomach and intestine. It has 
been argued that withdrawal symptoms, or the restlessness and 
discomfort of hunger, are the result of a disturbance of central 



relations in the firing of central neural cells Some such possi- 
hihty has actually been envisaged in supposing that sensory proc¬ 
esses may actively snppoit and direct a given cerebial organiza¬ 
tion, This of course is m eihemely geneial terms, and no details 
relevant to the present piohlem can he proposed A more spe¬ 
cific hypothesis may be possible latei, when some of the expen- 
mental evidence is available whose need has been shown m Is 
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The two piimitive motivations of pain and hunger can be 
gaided as mainly deteimined by specific bodily conditions— 
tissue damage and lack of nourishment-although, as we saw in 
the piecedmg chapter, neithei of these relationships is simple 
and neither is as yet really understood Hungei, particularly, 
must be a very complex process. 

A thud motivation, biologically primitive, is that of sex, The 
sex drive is also tied to a definite physiological condition, the 
presence of certain hormones in the blood stream But it would 
once more be an oversimplification to make this the only factor, 
like eating, sex behavior is not reducible to any simple formula 
(Beach, 1947ci), and it seives especially to make clear a furthei 
complexity of the problem of motivation This concerns the 
tune relations in the organism’s responsiveness to a particular 
class of stimulation In sex behavior, the problem appears m 
the comparatively slow build-up of interest (that is, responsive¬ 
ness to 01 seeking out of genital stimulation) and its frequently 
abrupt decline, following orgasm, humoral conditions presum¬ 
ably remaining constant A roughly parallel course of events is 
to be seen in other behavior, particularly in the alternation of 
sleep and waking, but also in almost any behavior that is a 
source of pleasure It should therefore have an important place 
in the theory of motivation 

A constant property of mammalian behavior is a variability of 
responsiveness to the environment that cannot be ascribed to 
conditions ongmatmg outside the nervous system-it appears, 
that IS, to reflect something mtrinsic to the organization of cere¬ 
bral activity. I have already emphasized m Chapter 7 this 
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variability of attitude (oi interest), and I piopose now to look 
closer at its neuial basis The readei will recall, further, that 
‘motivation” has been tieated not as a distmct process, separate 
from learnmg, msight, or attitude, but as a useful fiist approxi¬ 
mation whose mam lefeience is to the tempoial oiganization of 
ceiebral events (Chaptei 8) The present discussion accordingly 
deals with the slow change oi ‘‘drift” of motivation, but inter¬ 
prets motivation m a rathei bioad sense 


THE PROBLEM OF A LASTING EXCITATION, FATIGUE, 
OR INHIBITION 

The problem of this chapter is the lelationship between 
cyclical changes of responsiveness in the whole animal and 
events in the nervous system A permanent change of lespon- 
siveness, of course, is called learning, and does not concern us 
heie, but one that involves a continuing alternation of respon¬ 
siveness to some stimulation, each phase lasting perhaps for 
hours before icveiting predictably to the other, is a different 
matter. In descnbmg the behavior, such transient conditions 
may be called excitation or fatigue, which is a commonly ac¬ 
cepted and useful terminology It has, however, certain dan¬ 
gers and may conceal certain complications for the theory of 
behavior. “Excitation,” “mhibition,” and “fatigue,” as prolonged 
neural conditions * determmmg the behavioi of the whole ani¬ 
mal, are conceptions which perhaps are not a primary concern 
for the neurophysiologist but which ceitamly need exammation 
in psychological theoiy 

When an animal is “excited” what happens—simply an in¬ 
crease of total cortical activity? What changes take place when 
excitability, or responsiveness to a particular kind of stimulation, 

* It will be evident that a discussion of fatigue on this basis is not very 
closely related to tlie undertaking of Bartley and Chute (1947), who define 
fatigue as a form of experience that is tlie outcome of mental conflict They 
have not been mainly concerned witli the neural mechanism of this con¬ 
flict, or with the nature of the ”loss of interest** which contributes to it 
Their emphasis on the complexities of fatigue, however, strengdiens the 
present argument that it should not be hghtly invoked as an explanatory 
conception 
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increases over a peiiod of hours, days, or weeks? Is there simply 
a deciease of coitical firing m "mental fatigue”? When the 
coitex inhibits a ceitain hypothalamic pattern of response, is one 
group of cells preventing the fiimg of anothei group? Presum¬ 
ably, these questions cannot be definitely answeied at present, 
but it should be seen that the answers are not obvious, and that, 
when the temporal characteristics of excitation aie taken into 
account, the question of its neuial basis becomes a ciucial one, 
foi physiological psychology at least And so with mlnbition 
and fatigue. 

Considei excitation fiist There aie two aspects of the prob¬ 
lem one IS simply the duration of the excitation following brief 
stimulation. It seems generally lecognized now that an excita¬ 
tion which endures for minutes or longer at once raises a ques¬ 
tion of the special mechanism mvolved The all-or-none excita¬ 
tion in the nerve cell is almost infinitesimal m duration, beaiing 
little relation to behavioral excitations that take an appreciable 
time to develop The widespread theoietical inteiest in levei- 
beratory or re-entrant pathways as the basis of a contmumg ex¬ 
citation m the cential neivous system shows that this side of the 
problem has been recognized (unlike the pioblem of a contmu- 
ing inhibition, as we shall see in a moment). 

But another aspect of the problem of excitation needs moie 
attention A behavioral excitation, an mciease in some bodily 
activity, IS not necessarily a sign of an increased neural activity 
eithei m the bram as a whole or m some one part of it The 
point is well illustiated by the process of getting drunk A small 
amount of alcohol may be an excitant—socially, and m its imme¬ 
diate net effect on behavioi—but this of couise does not piove 
that alcohol is a neural excitant, it does not even piove that 
lower centers are being released from coitical inhibition 

There is a fallacy here which is most likely to be made when 
one is thmking of different kmds of behavior as controlled by 
diffeient parts of the brain* "There is an mcrease m certain 
behavioi, therefore some pait of the brain is more active, there¬ 
fore—supposing that alcohol is not a neural excitant but a de¬ 
pressant—a higher inhibition has been removed.” 

Perhaps this is what happens The point, however, is that it 
IS not logically inescapable A change of behavior does not 
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necessarily mean that some neural units, active befoie, have be¬ 
come inactive, and that inactive ones have become active (ex¬ 
cept at the level of the final common path, and very often not 
even here since the same effectors may enter mto difleient re¬ 
sponses). The same neuial cells may still be active, but m new 
combmations, when a different i espouse occurs This is one of 
the profoundly impoitant implications of recognizmg the role of 
timing m neural transmission and of such conceptions as that 
of “optional transmission” (Loiente de N6, 1939). Stimulate 
AB and CD and the excitation follows one set of pathways, 
stimulate AC and BD and the excitation may follow different 
efferent pathways and deteimme a totally different response— 
although the same internuncial cells aie active. 

The behavior of the drunk may be produced because alcohol, 
depressmg all neural cells, depresses some more rapidly than 
others and so changes the pattern of filing throughout the ceie- 
brum The cortex of course may be more affected than the lest 
of the brain, but this is different from saymg that the activity 
of the brain stem actually mcieases with the administration of 
alcohol The idea that coitical function can be almost elimi¬ 
nated before lower centers aie affected is scarcely tenable, and 
in fact the drunk, up to the moment of collapse, does not m 
any way resemble a decorticate preparation but contmues to 
manifest behavior that we know is fully dependent on the 
cerebral coitex The behavior changes and may be less adap¬ 
tive, but IS it less “cortical” and more “hypothalamic” or more 
“mesencephalic”? 

The theory that drunken behavior is due to loss of coitical 
inhibition is open to these objections, fiist, it implies that the 
inhibition, during long periods of sobriety, has an astonishing 
duration and efficacy—a point to which we shall return, and 
secondly, it seems to imply that all drunks should act much 
more alike than they do, perhaps approachmg the picture of 
sham rage before passing mto stupor The other possibility, 
suggested above, is that alcohol fiom the fiist knocks out cells 
in the hypothalamus and stiiatum as well as m the cortex, and 
slows up filing rates, thus reducing the complexity of cerebial 
organization but leaving until the last some cortical as well as 
subcortical function Whether this is so or not, it is enough to 
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show that there is no logical necessity of regarding di unhen 
rudeness or hyperactivity as a loss of inhibition that permits an 
absolute increase of neuial activity m some part of the brain. 

Two points have been made concerning a lastmg excitation m 
behavior the long duration must be accounted for, and an m- 
crease of some kmd of behavior does not always or necessarily 
mean an mcreased activity m some region of the central neivous 
system The same two pomts apply to mhibition and fatigue 

If a decrease of bodily activity that lasts more than seconds is 
to be explained by a neuial inhibition or neural fatigue, some 
explanation is needed of the duration, and secondly, the decrease 
of bodily activity is not a prion proof that such an mhibition or 
fatigue exists. There is iisk in assummg that any piolonged 
change m some aspect of behavior means a parallel change in 
some one part of the bram. that mental fatigue is a neuial fa¬ 
tigue, or that a suppiession of anger means that some one set of 
cells (preferably cortical) suppresses the filing of some other set 
(preferably hypothalamic) A decrease of bodily activity does 
not always mean a decrease of neural activity sleep may consist 
only of a change of the combmations m which coitical cells 
fire—i.e, may essentially be hypersynchiony, with no deciease of 
total activity, and the EEG offers evidence that immobility and 
unresponsiveness can accompany a considerable cortical activity 
(Jasper, 1941) 

It is commonplace to say that an organic whole has properties 
other than the sum of the properties of its parts in isolation The 
necessary corollary is this, do not take foi granted that the parts 
of a neural complex—or that any one part—must act m parallel 
with the action of the whole The fatigue that leads to pro¬ 
longed sleep, or the disappeaiance of sexual responsiveness aftei 
ejaculation-often for hours afterwaid—is not proof of fatigue in 
cortical cells, oi of an mhibition of sexual centers, for coiTe- 
spondmg periods of tune 

Fatigue as demonstrated physiologically in the neuion (the 
refractory period) has a duration measuied in milliseconds 
"Mental fatigue” may be a phenomenon of behavior, but its 
duration gives us no warrant for identifying it with a primary 
neural fatigue Similarly, the inhibition that is studied m lower 
neural centers (where a fairly direct mference is possible con- 
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cernmg what happens m the single neuron) is a biiefly lasting 
process that is promptly followed by excitation In a matter of 
seconds it becomes possible for any strong excitation to break 
through. Consequently, to speak of an inhibition that lasts in¬ 
definitely IS not just making use of the established conception of 
spinal leflex inhibition but introducmg a different one The 
conception may be quite valid, but it is not necessarily the c is 
of Sheri mgton (1925) 

This point applies to the idea that pam fibers in a sound tootli 
can be continuously prevented fiom firing (p. 186), that the 
sham-rage center in a good-natured, normal cat is contmuously 
mhibited by the coitex, oi that a conditioned inhibition (Pavlov, 
1928) can account for schizophienic catatonia or for long-stand¬ 
ing Freudian repressions Some of these ideas assume first that 
each form of behavior is determmed by a separate part of the 
cential nervous system, and all of them assume secondly that 
inhibition may have an extraoidinaiy degree of persistence. 

When for example damage to the fiontal lobe is followed by 
an mcreased appetite, oi mcreased sexuality, or mcreased re¬ 
sponsiveness to carotid-sinus stimulation, some clmical writers 
are prone to take for gi anted that this is of necessity evidence 
that the frontal lobe normally mhibits whatever lower centeis 
are mvolved Not at all, the normal action of die fiontal lobe 
(and of the rest of the cortex) may be only to stimulate lower 
centers, but determming at the same tune a particular tuning of 
action in those centeis The behavior that results is a function 
of this timing, lemoval of the stimulation (not inhibition) from 
the frontal lobe means a different pattern of firing and so a 
change m behavior. It must be realized that when a patient 
says nasty things to his fi lends after lobotomy he uses the same 
effectors as when he is polite—but m a different filing combina¬ 
tion, and the appearance of rudeness foUowmg bram damage 
does not show that there is a rudeness center m the bram, nor¬ 
mally mhibited by the legion that has now been damaged 

Decerebrate iigidity, agam, may imply either (1) that the 
cerebrum acts piimarily to dimmish the activity of ventral-horn 
cells, or (2) tliat its action stimulates only, and m stimulating 
contmuaUy modifies the activity of the mtimsic circuits of the 
spinal cord which if left to themselves would simply laise the 
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level of tonic contraction. It is legitimate (though possibly con¬ 
fusing) to speak of the cerebrum heie as "inhibiting'^ the action 
of these ciicuits, my point is to draw attention to the differ¬ 
ence in meaning between such usage, and tlie usage when one 
speaks of inhibition as the suppression, by one cell, of activity m 
another I have aigued that the physiological evidence does not 
justify the idea that pain fibeis, for example, may be indefinitely 
inhibited. It is a long step of mference from the prolonged in- 
hibitoiy action of one complex set of neurons upon another to 
an inhibition of the mdividual cell 

As a last example of this problem, consider the "suppiessor 
areas” of the cerebral cortex (von Bonm, Gaiol, and McCulloch, 
1944, McCulloch, 1944a, 1944??), 

These areas, m or near areas 2, 4, 8, 19, and 24 of Brodmann, 
aie widely spaced m the cerebral cortex and appear supeificially 
to have a piimaiy inhibiting action Stimulation of one of them 
in the anesthetized animal may have two effects relaxation of 
the musculature on the opposite side of the body, and disap¬ 
pearance of electrical potentials throughout the lest of the cortex. 
This might appear to be a direct suppression of neuial activity, 
as a positive action by one set of cells in the cortex that pre¬ 
vents die activity of other cells. It might appear to justify, once 
and for all, the conception of a primary inhibitory function of 
the cerebral cortex. 

The experimental evidence, certamly, has made it clear that 
stimulation of a suppressor area may produce a decrement of 
activity. But tins leaves two questions is this inhibition, in the 
sense that the vagus inhibits heart muscle, the same inhibition 
that presumably must operate m Lloyd's two-neuron spinal reflex 
aic (Fulton, 1943)? and does it occur as a result of the normal 
action of suppiessor-area cells, or only as a function of massive 
nonphysiological stimulation by electrical current or strychnini- 
zation? 

Suppose for a moment that the normal action of the suppressor 
area is a facilitation of other cortical activity, that tlie function 
of areas 4s, 19, and so on, is like the function of the reticular 
substance in its facilitation of oculo-motor reflexes (Lorente de 
No, 1939) On the Imes of the theoiy of the preceding chapters, 
integrated behavioi requires a diffuse filing in tlie cortex But 
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a massive electrical stimulation would fire all the cells in one 
region together and prevent their entering into the diffuse pat¬ 
terns of firing necessary to the noimal cortical control of be¬ 
havior. That IS, the “mhibition' would be a loss of essential 
facilitation only. 

The evidence presented by McCulloch (1944&) fits into such 
a picture Suppressor areas are directly connected with the 
caudate nucleus, and direct stimulation of the caudate produces 
'large, long voltages’" m thalamic nuclei McCulloch, accord¬ 
ingly, has suggested that the action of the caudate, m “suppres¬ 
sion,” IS not a positive inhibition but the induction of rhytlims 
of thalamic activity that are incompatible with noimal thalamo¬ 
cortical revel beration 

Finally, it is important to see that the suppression cannot be 
a duect inhibitoiy action fiom one part of the cortex on another, 
both because the stiychninized suppressor area does not appear 
to fire directly to other areas in the cortex and because of the 
observed time relations The first effect of suppressoi-area stimu¬ 
lation IS the appearance of spikes in the immediate neighbor¬ 
hood, but with no simultaneous loss of potentials elsewheie 
Next, a spreading extinction of potentials moves outward from 
the point stimulated, affectmg the suppressor area before affect- 
mg others. If the cells m this aiea were mhibitory, a high level 
of firing here should comcide in time with a low level elsewhere, 
but this IS not what happens The suppiessor area suppresses 
itself first, and tlien, aftei it has itself become mactive, makes 
others inactive. Obviously, this does not fit m widi the idea that 
suppiessor-area cells are inhibiting other cells but does fit in 
with the idea of a slowly spreading loss of facilitation—the im¬ 
plication of McCulloclis remaiks 

It IS still early for final inteipretation of much of the work that 
has been done in this field. The nature of even spmal inhibi¬ 
tion is still a disputed question, and there are serious dangers 
in applying the conception duectly to the complexities of cere¬ 
bral function, especially when the tune pioperties of a decrement 
of activity aie found to be markedly different. If it were safe 
to assume a tiue long-teim inhibition (or, equally, fatigue) in 
cerebral action, it would gieatly simplify the task of the psy¬ 
chologist. As matters stand, howevei, this is not justified It is 
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necessaiy to recognize the problems for behavioial theory that 
result fiom this fact. 

Now let us see more speciJBcally what some of these prob¬ 
lems aie 

THE TIME COURSE OF SEXUAL MOTIVATION 

What we aie interested in heie, essentially, is the natuie of a 
behavioial excitation, and this peihaps would piesent no pai- 
ticular problem if it were not foi the way m which excitability 
and excitation develop and declme The difficulty is clearest in 
sexual behavior. 

The review of studies of mammalian sex behavioi by Beach 
(1947a, 1947h^ 1948) makes for emphasis on an mtei action of 
sensory and central factois. It has been cleaily shown that the 
aiousal of sex behavior does not depend on any paiticulai sen- 
soiy stimulation—on olfactory, visual, or auditoiy stimuli, noi on 
somesthetic stimulation from the genitalia or from othei legions 
of the body If gonadal hormones aie also consideied to be 
stimuli, arousing receptor organs in the biain, even this stimula¬ 
tion IS not always essential to sexual aiousal (since gonadectomy 
frequently does not put an end to copulation) Neveitheless, 
all these factors noimally play a pait m the aiousal Then effect 
is additive 

The piesence of gonadal hormones in the blood stream does 
not often produce continuous sexual excitement, and it appears 
that a normal level of hoimone facilitates ceitain effects of sen- 
soiy stimulation, selectively, lathei than itself producmg any 
specific pattern of cooidmated i espouses When essential stimu¬ 
lation IS lackmg, the motoi pattern of copulation is apt to deviate 
from the noim or not to be completed Also, “Theie is evi¬ 
dence that the coitex is involved in the arousal and mainte¬ 
nance of tire male’s sexual excitement, and i eduction in suscep¬ 
tibility to sexual aiousal subsequent to coitical mjuiy appears to 
be proportional to the amount of neopallium removed” (Beach, 
1942, p 187) The evidence thus gives us a picture of sexual 
excitation as being produced by the close collaboration of sen¬ 
sory and central mechanisms. 

Durmg courtship and during copulation up to the point of 



216 The Prohlem of Motivational Drift 

orgasm, activity in the '"central excitatory mechanism” (Beach, 
1942) summates, cooperating closely with sensoiy stimulation 
and pioducing forms of behavioi which inciease that stimula¬ 
tion, until the ]oint eflrect of sensation and central facilitation 
reaches a final limen of response Then, abruptly, the central 
excitatoiy mechanism is somehow dischaiged; or, alternatively, 
an inhibition oi fatigue not evident before suddenly assumes 
maximal effectiveness and may last without interruption foi 
hours 

It IS, I believe, the first of the alternatives—a slow growth of 
excitation followed by a condenserlike discharge—that should be 
explored theoretically. It has already been said that it would 
be very desiiable foi psychological theory to be able to postulate 
an inhibition oi fatigue m such cases to explain the tiansient 
disappeaiance of lesponsiveness But theie are difiBculties about 
doing so, as we have seen, and foi the present there is no ad¬ 
vantage in postulatmg a special mhibition in sexual behavior—as 
if we understood the excitation but not its absence Really, we 
do not understand eithei, and a transient disappearance of 
excitability may be inherent in the nature of the behavioial ex¬ 
citation itself Nothmg that has been said in this discussion has 
made it impossible to suppose that the inhibition lefeiied to 
above does exist, but if this is assumed, the essential problem 
of the time relations remains The inhibition must be such as 
to last for days, on occasion, waning slowly in the older subject 
who may be capable of copulation only aftei days of lecupeia- 
tion fiom an eailier copulation (Kinsey, Pomeroy, and Martm, 
1948) This is no easier to explam than an equally slow rise 
of excitability 

Let us turn now to the similar pioblem of sleep, befoie asking 
how this pioblem might be solved 

THE ALTERNATION OF SLEEP AND WAKING 

The compaiatively well-defined course of sexual arousal pro¬ 
vides a clear example of a generally unsolved pioblem concern¬ 
ing cyclical changes of excitability It cannot be asserted that 
fluctuations in sexual excitability, and the diurnal fluctuation of 
geneial excitability called the sleep cycle, must have the same 
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mechanism, but the two have important similarities, and it may 
be profitable to proceed on the woiking hypothesis that the 
problems aie m essence the same The course of sexual motiva¬ 
tion suggests that a cyclical change may be inheient m the 
process of excitation, so that an extended period of aiousal must 
eventually be followed by an extended peiiod of uniesponsive- 
ness (though the leason is haid to see), and this of couise is 
exactly what happens in the alternation of sleep and wakmg. 

Physiological study of sleep has centered about two questions 

(1) whether sleep may be determmed by one of several condi¬ 
tions external to the nervous system, such as muscular fatigue, 
the accumulation of toxins, and so on, (2) whether it may be 
due to the action of a sleep center, oi inaction of a waking 
center, within the neivous system itself (Kleitman, 1939, Nauta, 
1946) Research has emphasized the importance of a wakmg 
center m the caudal hypothalamus, its action evidently has much 
to do with legulation of the sleep cycle, Fuither knowledge on 
these two points must be obtamed by physiological methods, 
and the piesent discussion will not contribute to it. 

But there is also (3) a psychological factor of “interest” or 
“boiedom” in sleep (Kleitman, 1939) With this we aie directly 
concerned The theory developed m the precedmg chapters has 
definite implications about sleep, sleep has m fact been referied 
to repeatedly because it seems not to be an isolated phe¬ 
nomenon but an aspect of processes fundamentally mvolved in 
learning, for example, or volition oi emotional disturbance—and 
these implications make it possible to deal with the " coitical” or 
“higher” components in sleep 

Return to the eaiher discussions of spontaneous neural activity, 
and its relation to sensation and consciousness (pp, 9, 121-4, 
146) We have, to start witli, (1) the suggestion by Bartley and 
Bishop (1933) and Adrian and Matthews (1934) that uncon¬ 
sciousness may be the result of a lack of afferent activity, and 

(2) that this excitation normally has the function of breakmg 
up the synchronous spontaneous firing of cential nervous tissue. 
Add to this (3) that the EEG in sleep shows a marked hyper¬ 
synchrony and (4) the general conclusion of Jasper (1941) that 
hypersynchrony may be opposed to adaptive behavior We then 
have (5) a picture of sleep as a state in which sensation has lost 
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its usual contiol of central neural finng, and m which a laige seg¬ 
ment of the cerebium has drifted, from the diffuse filing neces- 
saiy to adaptive behavior, into the hypeisynchiony of uncon¬ 
sciousness. 

From such ideas it is a short step to thinking of sleep as a 
functional deaffei entation of the cei ebral cortex (Kleitman, 
1939). But tins plirase should be used cautiously It may sug¬ 
gest foi example that consciousness is a function of the coitex 
alone, or that the cortex is an isolable unit physiologically. 

Even in the anesthetized animal, coitical action is closely re¬ 
lated to activity in cortico-diencephalic circuits (Moiison and 
Dempsey, 1943, McCulloch, 1944b, Murphy and Gellhorn, 1945) 
There is probably a continuous interaction with the stiiatum as 
well (McCulloch, 1944b). Also, the term deafferentation may 
overemphasize the role of sensation in the sleep cycle of the 
normal animal. Impoitant though it is, the level of sensory ac¬ 
tivity does not alone determine sleep or wakmg This of course 
IS the point made by Kleitman’s “wakefulness of choice'’ as well 
as by his emphasis on boiedom as a source of sleep. Wakeful¬ 
ness of choice IS mainly a characteristic of higher animals when 
a point is reached in the cycle at which sleep may occur, whether 
it does or does not depends on certam cerebral activities (re¬ 
ferred to as conscious in man), as well as on the subjects 
envuonment 

With some qualification, however, the idea of a functional 
deafferentation is valuable How would it occui? Structuial 
connections with the sense organs are, piesumably, unchanged 
as one goes to sleep The wakmg center in the posteiioi hypo¬ 
thalamus, whose destruction leads to a contmumg sleep, is not 
the portal by which affeient excitation reaches the cortex. It 
cannot therefore sunply act like a valve, periodically cutting off 
the cortex fiom stimulation. Howevei, it could be an essential 
link in a system “piimmg" the cortex for the reception of af¬ 
ferent impulses (Morgan, 1943). This would imply that the 
diffuse filing of the coitex cannot be maintamed by afferent 
impulses alone, in teims of the present theory, it unplies either 
that one cell-assembly cannot arouse the next, in a “phase se¬ 
quence,” without suppoiting facilitation from the waking system, 
or else that some significantly laige fraction of assemblies incoi- 
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porate cells from the wakmg system. Damage to this system, 
or synchrony of firmg m it, would then interfere with assembly 
action and consciousness. 

This does not localize consciousness or the wakmg state but 
assumes that the kind of activity throughout the cerebrum which 
we call consciousness is dependent on activity withm a more 
limited legion primarily, the waking center in the mammillary 
bodies, or m the neighboring posterior hypothalamus and an¬ 
terior mesencephalon (Nauta, 1946), and the intralammar and 
midline nuclei of the thalamus (Penfield and Jasper, 1946, Jasper 
and Fortuyn, 1946) The essential structures in wakmg may 
also include tlie anterior cingular legion (Brodmann’s area 24, 
one of the suppressor areas). The cmgular aiea is connected 
with the waking center via the mammillothalamic tiact and the 
anterior nuclei of the thalamus, and Smith (1945) showed that 
stimulation of the area pioduces a transient condition apparently 
equal to sleep, except m duration. 

At first glance, this would mean that the cmgular area is a 
sleep center, not a wakmg centei, but the function of a wakmg 
center is to maintain a diffuse firing, and a strong electiical 
stimulation firing a large number of cells in the area all at once 
would prevent it from having this function—the same point that 
was made in discussing the action of other suppressor aieas 

If thus the activity of the posteiior hypothalamus is necessary 
to the mamtenance of diffuse firing, the anterior hypothalamus 
may have a similar function, a pacemaker for the synchronous 
cortical firmg of sleep It may, that is, be a sleep center, as 
Nauta (1946) appears to have demonstiated experimentally I 
shall urge in a moment that sleep is not a negative thing, not a 
mere lack of the organized activity of consciousness but the pres¬ 
ence of an alternative organization, and the existence of a sleep 
center fits into this conception 

From this point of view, we might consider that the cerebrum 
deaffeients itself to produce sleep by failmg to provide tlie 
facilitation that is necessary for environmental stimulation to 
maintain any control of ceiebial firing The cerebrum also de- 
afferents itself indirectly by ceasing to initiate motor activity, 
which at once means a decrease m sensoiy stimulation. But we 
must go farther than this The conditions that produce sleep 
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are not merely negative, the fact is that some stimulations con¬ 
tribute positively to sleep, and sleep is remfoiced by learnmg 
Physiologically, also, it is evident that hyper synchrony is not a 
random affair but organized, so that going to sleep means the 
positive substitution of one organization foi another This was 
referred to in an earlier chapter as the intimsic organization of 
cerebral action, and it was suggested there how a prenatal learn¬ 
ing piocess might contribute to it, if the organization is not 
simply due to the action of mherited pacemakers m the cere¬ 
brum (footnote, pp 121-2). 

On the same assumptions that justified the conception of the 
formation of cell-assemblies (Chapter 4), an afferent activity 
that coincides frequently with a synchronous firing will estab¬ 
lish synaptic knobs between the afferent fibers and any membeis 
of the synchronously filing pool with which they come into con¬ 
tact. Repetition of that afferent excitation will then tend to 
support the synchrony, or le-establish it, which means a mecha¬ 
nism of learnmg to go to sleep. One may have to learn to sleep 
easily in the daylight oi in unusual conditions, an habitual pos¬ 
ture often helps one to get to sleep, and even habitual noises 
may do so, the lack of familiar stimulation delaymg the onset of 
sleep 01 —if it occurs in the night—waking the sleeper Kleitman 
(1939) consideis that the sleep cycle of the adult is a function 
of learnmg; and in old age, when other learned behavior is de¬ 
teriorating, we find the cycle also tending to return to a more 
mfantile stage. Thus an accustomed stimulation may actively 
support hypersynchrony, as a learned relationship that is affected 
(just as other learning may be) by cortical atiophy All tins 
involves a fuithei qualification of the “deafferentation” idea, 
one might suggest perhaps that sleep is more a de-e/ferentation 

The rationale of the de-effeientation should perhaps be made 
explicit here It is simply that normal waking behavioi is a 
higlily selective set of contractions of muscle, in which it is 
usually quite essential that antagonists are not both at peak ac¬ 
tivity simultaneously, but in alternation, and in which a par¬ 
ticular contraction must have a particular strength and endure 
only foi a particular length of tune It is this that requues a 
dispersed filing in the cerebral cortex I have referred to Jas¬ 
per’s conclusion that hypeisynchiony per se is opposed to adap- 
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tive behavior, it is evidently opposed also to the process of 
thinking, which tends to break up even the modeiate synchro¬ 
nization of the alpha rhythm Sunilaily, Kleitman has remarked 
the negative correlation between (1) hypeisynchiony in sleep 
and (2) the responsiveness of the sleeper or the extent to which 
his dreams are organized and lemembeiable. Finally, Loucks 
(1938) found that a conditioned lesponse to direct stimulation 
of the visual cortex could not be elicited in the sleepmg animal: 
here, clcaily, deafferentation of tlie cortex is not an explanation 
of tlie failure of stimulation to elicit a response.^ 

These facts appear to mean that the pyramidal-tract control of 
ventral-horn cells and cells of the motor nuclei of the bram stem 
depends on a dispersed jEring m the efferent fibers from the 
cortex, except when a veiy high degree of synchronization pro¬ 
duces an outright convulsion. It can be supposed, then, that the 
degree of synchiony in sleep (and in petit mal) is too gieat for 
the temporally mtegiated control of muscle and too low to pro¬ 
duce convulsions 

One consequence of such ideas is the conclusion that sleep 
pioduces relaxation as much as relaxation produces sleep. This 
makes possible a vicious cucle, or cumulative reciprocal mflu- 
ence, that partly explains the gradualness of change from wakmg 
to sleep and vice versa The drift from a dispersed firing to 
synchrony might be initiated withm the cerebrum, if theie is a 
sleep center in the anterior hypothalamus, cells in this region 
would start to recruit others and might assume control of local 
cortical areas, which m turn would mean a decrease m the 
numbei of cells available for assembly action and a decrease m 
muscle tonus. The consequent lowering of afferent excitation 
would further the same drift into hyper synchiony 

In waking, on the other hand, sensoiy stimulation would be 
considered to wean transmission units away from the pools of 
synclrronous firmg, each accession to tins asynchronous assembly 

* Tins one experimental fact alone might justify the treatment of sleep tliat 
IS made m these pages The cortical transmission that would be involved 
in a conditioned reflex, according to tlie phase-sequence hypothesis, depends 
on the series of assembly actions that is replaced m sleep by a local syn¬ 
chrony of firing, so even when a stimulus is applied directly to tlie cortex 
it could not elicit an adaptive response (m deep sleep) 



222 The Problem of Motivatiorml Drift 

action would increase muscle action and increase aflFerent exci¬ 
tation, and so on. 

The experimental evidence has shown that a particular region 
has a crucial role in such changes, there is a waking center, and 
Nauta has given reason for thinking tliat there is a sleep center 
as well, But such centeis may be necessary only in coordinat¬ 
ing the action of the relatively large mammalian cerebrum, and 
the same kmd of piocess might occur in a smaller bram without 
special pacemaking centers. Also, even in man, wakmg or sleep 
may not be necessaiily mitiated by changes in such centeis. 
Sleep is produced by cortical lesions (Davison and Demuth, 
1945) and may be interrupted by nightmares—a ‘conscious” ac¬ 
tivity It may be profitable to consider sleep and waking as an 
alternation of excitability to which any cential neivous tissue is 
prone, but which can be cooidinated throughout the whole 
cerebrum only by the regulating action of special structures m 
the hypothalamus. When the action of these structures is im- 
paued, disorganization of neuial firing is possible producing 
emotional disturbance Interference with the sleep mechanism 
IS accompanied by irritability (Nauta, 1946), and the irritability 
commonly seen when sleep is abruptly cut shoit, but which 
nevertheless disappears soon, as the subject becomes fully awake, 
indicates that between the intrmsic organization of sleep and 
the conscious oiganization of waking there may agam be an 
mterval of disorganization of cortical firmg. 

The lole of psychological influence in determining the rate of 
diift fiom the diffuse organization to the intrinsic organization 
appears to mean that some phase sequences aie moie fiimly 
established than others: that is, are more capable of peipetuat- 
ing themselves. The level of stmiulation from sense oigans 
affects the peisistence, and a phase sequence may peipetuate 
itself by raising this level, as when one knits his brow and 
pmches himself to stay awake. 

Othei phase sequences doom themselves to a short career by 
loweimg the level of stimulation, except for stimuli that make 
for hypei synchrony When such a phase sequence is in com¬ 
mand, we say that the subject “tiies to sleep,” seeking relaxation, 
darkness, and quiet. But as we have seen there is a fuither 
cerebral factor, which becomes our next concein. 
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This is the factor of interest or motivation;, which is provi¬ 
sionally translated into the stability and persistence of the phase 
sequence It appears first m the fact that no amount of muscular 
relaxation and quiet is likely to put the subject to sleep in the 
morning just after he has slept through the night, or, m other 
circumstances, in the fact that a good light, a loud voice, and a 
haid pew are not enough to keep one's eyes open Agam, if the 
reader caies to make a little experiment and turns from this 
book to a detective stoiy, costume thriller, or sentimental family 
piece—whatever his preference may be—he will find himself wide 
awake again though he sits m the same chair, with the same 
light and the same degree of quiet, with the same degiee of 
eyestrain in reading the same 26 letters of the alphabet (but 
happily contiived m othei words). The problem raised here 
concerns the relationship between sensory input and the phase 
sequence, what characteristic it is, in this relationship, that tends 
to prolong the phase sequence and avert sleep 

Another facet of the relationship can be added at once: no 
matter how exciting a first leading of the detective story may 
have been, it will have lost this property on rereading unless 
considerable time has elapsed To common sense, the reason is 
obvious The fun is gone when you know exactly what happens 
next But it is not obvious theoretically—if the book kept one 
awake yesterday, why not today^ If a paiticular sequence of 
sensory events tones up the wakmg centei, keeps hypersynclnony 
to a minimum, and mamtains pyramidal-tract control of the 
muscles, why should it not have the same physiological effects 
a second time? 

In this, as I shall tiy to show, there is a clue to the sources of 
motivation, and ‘"pleasure ” In view of the definition of motiva¬ 
tion proposed in the piecedmg chapter, that it consists of the 
directedness and persistence of the phase sequence, we must 
consider sleep to be the extreme case of a loss of motivation. 
From the discussion in the present chapter, it has appeared that 
sleep is not an isolated topic—not an isolated phenomenon de¬ 
pendent only on certain nuclei in the hypothalamus and amount¬ 
ing only to an mtermittent cessation of cortical function. The 
frequently slow transition from unresponsiveness to full respon¬ 
siveness (that is, fiom sleep to bemg wide awake) presents the 
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same difficulty fox theory that the slow development of sexual 
responsiveness does, and in his conception of “wakefulness of 
choice” Kleitman has evidently related waking and sleep to a 
much wider problem of motivation Let us see what appioach 
can be found in the commonplace, but theoretically peculiar, fact 
that an event which is exciting and interesting on its flist occur¬ 
rence is likely to be dull and sleep-provoking on its second. 

EFFECTS OF MONOTONY ON LEARNED BEHAVIOR 

Certam changes in the form of learned behavioi, resulting 
fiom repeated or prolonged stimulation, do not seem to agree 
with the fact that repetition is usually what established that 
particular foim of response in the first place, and is also neces¬ 
sary to maintain it. Dunlap (1932) has shown how the delib¬ 
erate repetition of a response may eliminate, instead of strength¬ 
ening, it Hovland (1936) has desciibed an ''inhibition of rein¬ 
forcement” from too many successive practice trials of a condi¬ 
tioned response. As Hilgard and Marquis have lemaiked, Pavlov 
(1928) found it advisable to space tiials widely, m settmg up a 
difiicult disci imination, and it is well known that m ordmary 
learning massed practice does not have the same effect as dis¬ 
tributed practice. Since a few seconds between trials should be 
enough to avert fatigue in the neuial cell, one might think that 
longer intervals would only promote forgetting, but this does not 
seem to be true 

Presumably related to these effects of repetition is the "fading” 
discussed by Gardnei and Nissen * In prolonged training, there 
are often periods when practice seems to have a negative effect 
The more he tries the woise the subject does. In man this is 
apt to go with a motivational disturbance, or loss of mterest 
One thmks little of it when repeated failure reduces motivation, 
but after all, why should itf^ Also, even if the reason for this 
were self-evident, a deterioiation m performance can take place 
when the human subject is still “trymg as hard as he can,” or m 
an animal, workmg for a food reward, that continues to be 

* L Pearl Gardner and Henry W Nissen, “Simple discumination be¬ 
havior of young chimpanzees comparisons with, human aments and do¬ 
mestic animals” (m press, J Genet Psychol ) 
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genuinely in need of food and apparendy makes every effort to 
get it In almost any disciimination training tiiere are periods 
ot deterioration of performance which are usually disregarded 
as due to chance but which, as Gardner and Nissen pomt out, 
seem to requue some further explanation. 

All these things might suggest that the connections involved 
m leainmg are (1) somehow weakened by bemg activated, and 
need a period of recovery before they can function well a second 
tune, but (2) are strengthened, instead, when the period of re¬ 
covery has been permitted Hull (1943) has shown the explana¬ 
tory value of such an idea, though he has put the weakenmg 
influence as a sepaiate inhibitory process (“reactive inhibition”). 
How are we to deal with the apparent weakening in the present 
theory? 

Two possibilities may be consideied—that tlie cell-assembly 
tends to be disrupted by its activation, or that the relationship 
between assemblies changes and affects the phase sequence. 
There are mdications that both things may occur, and can be 
distinguished one from the other by behavioral signs, and, also, 
that the effect we are interested in is primarily an effect on the 
phase sequence, not the assembly. The argument is as follows 

The assumptions made m Chapter 4 about the formation of 
assemblies implied, first, that self-mamtained activity in the as¬ 
sembly would stop after a very short period (up to half a 
second). If nonetheless the arousmg sensory stimulation pei- 
sists without inteimission, foremg a contmued activity, the tend¬ 
ency would be to mduce a change of frequency properties m 
the assembly. Some fractionation and reciuitment would thus 
be expected (p 76) The facilitation delivered to other cere¬ 
bral systems would then be changed, which means some change 
in perception Theoretically, this appears to be exactly what 
happens m the notorious effect of prolonged staring at a word 
or repeating it over and over to oneself, the familiar perception 
tends to become somethmg strange and unrecognizable Such 
effects can be regarded, then, as evidence of deterioration m the 
assembly due to continuous activation 

But the assumptions of Chapter 4 also implied, secondly, that 
when an assembly has become inactive it might be aroused 
again m a matter of a second or so, and after the same short 
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interval aroused once more* and so on, mdefinitely The be¬ 
havioral evidence seems to support this, mdicating that the single 
assembly or small group of assemblies can be repeatedly aroused 
when some other activity intervenes m vision, for example, the 
perception of vertical line must occur thousands of times an 
hour, in conversation, tlie word “the” must be perceived and 
uttered with very high frequency, and so on 

According to the theory, then, the deteriorative effects of re¬ 
peating the same long senes of words over again (loss of in¬ 
terest on rereading a novel), or of repeating the same group of 
attempted solutions (loss of motivation m problem-solving), 
should be in the phase sequence instead of the assemblies that 
compose it: that is, in the relation between constituent parts, 
not in the paits themselves The same conclusion is indicated 
by the fact that the individual words of the reread story, or the 
details of the unsolved problem, do not appeal different (as the 
stared-at word does) but have an annoying sameness Also, a 
very mgenious experiment briefly reported by Lewin (1938) 
strengtliens the argument 

The subject was required to write a woid over and over until 
the task became mtoleiable. The experimenter accepted his 
refusal to write the word again, agreed to stop the experiment, 
but casually requested the subject to write the word on tlie back 
of one of the woik sheets, to identify it The subject did so 
without difficulty. Thus a change of set, or intention, banished 
fatigue The assemblies directly necessary to writing the word 
may have been somewhat impaned, but not to the point at 
which they could not function* and the mental fatigue must 
have mainly concerned the accompanymg assembly activities 
which constitute the subject’s attitude oi motivation The re¬ 
covery in this experiment seems closely related to the inci eased 
output of industrial workers when a change is made m their 
attitude toward a monotonous task (Roethlisberger and Dickson, 
1939), The theoretical significance thus is the same as that of 
the revitalizing effect of 'msight” (a new combination of assem¬ 
blies—p 134) on inteiest and motivation. This effect is greatest 
on the first occurrence of the new assembly combination, on 
repetition, the stimulating value declines, just as when a joke or 
a story is heard for the second time. 
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These considerations imply that the phase sequence continu¬ 
ally needs new content to maintain its organization and persist¬ 
ence.* It appears that the individual assembly may be rearoused 
indefinitely at short intervals, but that the phase sequence as a 
whole cannot be—it must contmue to develop if motivation is to 
be maintained '^Develop” here means to lead to new combma- 
tions of assemblies, which in turn means new perceptions, new 
insights, new ideas. As we know, such events are excitmg But 
why should new combinations be continually necessary to main¬ 
tain the phase sequence, and with it a normal level of excita¬ 
bility? An answer can now be proposed which, m its wider sig¬ 
nificance, will also concern the nature of pleasure 

AN HYPOTHESIS OF THE RELATION OF EXCITABILITY 

TO MEMORY 

To the psychologically naive there is no riddle about the fact 
that hearing a story foi the second time makes poor entertam- 
ment—the better you lemember the details of the first tellmg, the 
less your mterest in the second Common sense thus ascribes 
the change of excitatory value to a change m memory, and I 
shall tiy next to show how this idea may be utilized theoretically 

Our question is why it is not possible to lepeat a prolonged 

* This conclusion is not contradicted by the fact that long periods of 
monotonous work are possible in the factory, where no change of insight 
or tlie like is possible Habituation to monotony is apt to be accompanied 
by complex daydreaming, which means tlie development of a parallel 
phase-sequence activity, so the total pattern of cerebial activity is not at all 
repetitive The work of Roethlisberger and Dickson, referred to above, 
also shows that the behavior is related to tlie ancillary cerebral activity 

Another possible objection can also be considered here According to 
the hypothesis piesented in tlie following section, the infant's capacity for 
an endless repetition of some action or set of words is possible because the 
phase sequence is not yet well enough consolidated to lead to short-circuit¬ 
ing The followmg section modifies the conclusions of this section m one 
respect, suggesting that it is only the highly organized phase sequence tliat 
cannot be repealed in detail, if the sequence loses in degree of organiza¬ 
tion witlr the passage of time, it can occur again Accordingly, the infant's 
repetitive action is considered to occur during tlie period when organiza¬ 
tion is being established With completion of that process, die repetition 
disappears 
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phase sequence ui its entirety—why it must always lead to new 
assembly combinations, or else give way to some other cerebral 
activity The answer may be that the mere occuiience of a par¬ 
ticular phase sequence, once, induces changes at the synapse 
(memory) that make it impossible foi exactly the same sequence 
to occur again, unless the synaptic changes have disappeared 
with time. This can be made more specific, and made to com- 
piise an explanation for the slow development of excitability 
that has been discussed in this chaptei. This is done by slightly 
elaborating the assumptions about the memory trace that were 
made m Chapter 4. The implication is that an immediate re¬ 
arousal of a phase sequence is quite possible, but that the syn¬ 
aptic changes of memoiy then tend to make the sequence shoit- 
cucuit ^ and run oif so quickly that it cannot hold the field long, 
if it is to endure, and remain cooidinated with environmental 
stimulation, new elements not so well mtegiated with it must 
enter to delay its couise. 

Nowhere m the preceding chapters has there been any as¬ 
sumption as to the peimanence of the synaptic connections estab¬ 
lished by learning (though it has been concluded that caily 
leainmg has, m one way oi anothei, peimanent effects on latei 
learning). This is because until now, at least, there has been 
no decisive reason to assume either that synaptic knobs once 
formed are permanent or that they deterioiate with disuse If 
(1) they aie permanent, one has accounted duectly foi the per¬ 
manent effects of early learnmg, and may assume that foi getting 
occurs as an addition of new leainmg the establishment of 
fuither connections changing the time properties of assembly 
function and so changing the facilitation deliveied to other cere- 

* The reader will recall that the phase sequence is “recurrent'" and 
“anticipatory," containing cychcal conceptual activities schematized as 

A-B-^A-^C-B-D-E-F^D-E-C-F-H, etc 
“Short-circuiting" might cut such a sequence down to 

A-B-D—Hy etc. 

That IS, on repetition the sequence might touch only the high spots, after 
some s 3 Tiaptic knobs have deteriorated, however, V might be no longer able 
to arouse II directly—only when E, F, and G are also aroused 
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bral systems The connections originally established would still 
be there, but the original habit would disappear, replaced by 
a new one. Alternatively, (2) one might assume that a knob 
disappears with disuse, which accounts directly for foi getting, 
and, since we have seen reason (in Chapter 6) to think that new 
learning incorporates eailier learning as a “transfei” efiect, the 
peisistence of early memoiy can be accounted foi because most 
eaily connections are mamtained by the exercise they leceive as 
they take part m the learning of matuiity Eitlier of these two 
assumptions might thus be made without disturbing the mam 
stiucture of the theory. 

But for the problem now being considered, a solution may be 
found if we can adopt assumption 2, that an unused connection 
decays, or, better yet, if we can assume that a very frequendy 
and long-used connection becomes permanent, but that there is 
a stage in the development of synaptic loiobs before which the 
development is reversible The old, long-established memory 
would then last, not reversible except with pathological proc¬ 
esses ui the bram, less strongly established memoiies would 
gradually disappear unless reinforced 

Now suppose a man picks up the book he read last week 
The title and the first paragraphs lecall the story—the phase 
sequence runs off quickly, short-circuited, leaving many of the 
cell-assemblies briefly refractory before they can be aroused by 
the rest of the printed matter. No cooperation is then possible 
between sensation and cential facilitation, the latter is too far 
ahead Something of this soit would account for the contmued 
need of some degree of novelty to maintain wakefulness of 
choice The thoioughly familiar aiouses a well-organized phase 
sequence, the veiy fact that it is well oiganized means that it 
runs its couise piomptly, leaving the field for less well-established 
sequences and so, fiom this theoretical pomt of view, one would 
find behavioi dominated always by the thought piocess that is 
not fully organized—one that is achieving a new organization oi 
one in which synaptic decay makes it necessary that organiza¬ 
tion be reachieved. 

This means that the subject will not linger over the thoroughly 
familiar event even though this is the one that is most capable 
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of arousing and controlling central processes, the control may 
be momentary only. The totally unfamiliar does not arouse a 
phase sequence, so “interest” and “motivation*' are likely to be 
preoccupied by whatever is new in the combination of familiar 
events, and by events that produce some flustration oi some 
fear (which tend to bieak up the phase sequence—Chapter 10). 
Rereading a half-foi gotten novel would thus be possible, imme¬ 
diately after the conclusion of any exciting or interesting senes 
of events a repetition would not be exciting (or not as exciting, 
depending on the degree to which synaptic changes have pro¬ 
duced short-circuiting), in the following mmutes, hours, or days 
the subject's responsiveness to that sequence of events would 
steadily rise as the synaptic changes regressed Similarly, the 
psychological function of a night's sleep may be to permit a cer¬ 
tain decay in tlie paiticulai connections that were established or 
strengthened by the previous day's behavior, so that the behavior 
may recur again as a coopezation between sensoiy and central 
processes 

If it should be true that such leveisible growth piocesses 
occur, the problem of the slow changes of excitability might 
thus be solved Is the idea at all plausible? One is accustomed 
to thinking of the nerve cell as a static stiucture (as it is aftei 
being fixed and stained), and of growth as a very slow piocess 
Yet it may be recalled that Cajal (among others) conjectured 
that the change at the synapse in learning is an ameboid out- 
giowth of the cell (see, eg, Freeman, 1934, footnote p 23), 
which might need very little time for its occuirence. 

Cajal's proposal has been disregarded by psychologists and no 
longer figures an discussions of learning Presumably, this is 
partly because the whole theory of synaptic connections and 
resistances fell into disiepute some time ago But it has been 
seen (Chapter 1) that modern neuiophysiology makes it pos¬ 
sible to reopen this entire question, and so Cajal's idea cannot 
be at once dismissed as fantastic 

As to the time needed foi an outgiowth of the cell wall, we 
may note (1) that the actual distance involved may be veiy 
shoit indeed, and (2) that reveiberatoiy activity in the assembly 
would serve to prolong the time m which a structural change 
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could be completed. An ameboid outgiowth would be rever¬ 
sible, but the mere absence of the electrochemical mfluence 
which produces the outgiowth might not act as foicefully and 
promptly as its presence So it is possible to assume, in tlie light 
of the psychological evidence, that synaptic decay occurs slowly 
and peihaps is nevei quite complete, Thus each repetition of 
the ameboid change at a paiticular point might leave a higher 
residual level, and with a frequent occurrence the outgiowth 
might become permanent These assumptions then would cor¬ 
relate directly with the fact that memoiy can be quickly estab¬ 
lished but declmes slowly, and with the fact that there is apt to 
be little or no forgetting of the long-practiced response 
It IS proposed therefore that some such postulate should at the 
least be considered seriously, foi it would help us to deal not 
only with (1) the facts of learning, but also with the foimidable 
difficulty of understanding (2) the reversals of motivation dis¬ 
cussed in this chapter, (3) tlie length of time ovei which excita¬ 
bility (rather than excitation) may on occasion mciease, and 
(4) mental fatigue without a fatigue of the neurons and eflFectors 
that enter directly into the response The assumptions discussed 
above do not help particularly to deal with a behavioral excita¬ 
tion (except to suggest that its tune course may depend on the 
rate of establishment of new—and reversible—connections), but 
they do appear to account directly foi long-term changes in excit¬ 
ability, and in general for the psychological component in sleep 
and wakmg, m sexual responsiveness and so on, and m the 
effects of novelty on these conditions It is of course evident 
that some degree of novelty, combmed with what is predomi¬ 
nantly familiar, is stimulating and exciting over a wide range of 
activities—from sexual lesponsiveness (Beach, 1947a, Kmsey, 
Pomeroy, and Martm, 1948) to the appreciation of painting or 
music, or the pleasures of exploration 
I do not propose to discuss the neuiological assumption fur¬ 
ther, but only pomt out once more that the decay of memory 
allows what has been experienced to become relatively novel 
again and, therefore, exciting, so that the necessity of a lapse of 
tune between repetitions of some activities can now be fitted 
into a more general statement of the conditions of pleasure 
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THE NATURE OF PLEASURE 

Tlie theory that has been developed implies that pleasure is 
not the activity of particulai structures in the neivous system, 
and not even a particular kind or j)attern of ceiebral organiza¬ 
tion, but fundamentally a diiected growth or development in 
cerebral oiganization It is thus necessaiily a transient state of 
affairs in which a conflict is being reduced, an incipient disoi- 
ganization being dissipated, oi a new synthesis in assembly ac¬ 
tion being achieved. The preceding section has hied to explain 
why such states of affairs should dommate cerebial piocesses, m 
other words, to explam why pleasure should have the peculiar 
place in behavior that it has, without covert lecouise to an ani¬ 
mistic consciousness, just as the discussion of emotional distuib- 
ance and pam, in other chapters, has tried to piovide mechani¬ 
cally or deterministically for the avoidance of ceitain activities 
and situations. 

Those sensory conditions are called pleasant, then, which con- 
hibute to the cuiient development m the cerebrum, or which 
consist of the decline of a sensory piocess that mterfeies with 
development If going to sleep is, as has been suggested, the 
establishment of an “intiinsic” oiganizatiOn, the piocess accoifl¬ 
ing to the definition above should be pleasant~as m fact it is, 
and to the diowsy subject those stimuli aie pleasant which ac¬ 
tively support the development of hypeisynchiony But some 
eight houis later, as the subject is waking up, the pleasant sights 
and sounds are those that '"catch his interest” and promote 
anothei kmd of organization, without hypei synchrony The 
same stunulus is thus pleasant at one time, not at another, 
when the event that could be inteiesting later occurs too soon 
in the waking-up process, and disrupts hypersynclnony without 
piomptly establishmg a phase sequence, it is the very reverse of 
pleasant 

In view of the discussion m the precedmg section of the 
effect of short-cucuitmg on motivation, theie is a paiadoxical 
implication heie Sensory events should not suppoit the phase 
sequence too strongly, so that it runs its couise immediately and 
cannot continue to dominate association-area activity. The well- 
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developed phase sequence depends, for a continued existence, 
on repeated checks from the environment* Hence, as we saw 
in the preceding section, the preoccupation witli what is new 
but not too new, with the mildly frustrating oi the mildly fear- 
provoking, Many adult spoits of course depend fox their 
pleasure on the presence of some dangei, and both Woodwoith 
(1921) and Valentme (1930) have remarked on the tendency 
of children to seek out the fiightening situation m which the 
degree of emotional stimulation lemains undei control and can 
be termmated at will This seems wholly parallel to an adults 
reading of “thiillers” and ghost stories* 

Similarly, problem-solving involves frustration, and many of 
the activities that are sources of pleasure actually depend on 
problem-solvmg—not only in games like bridge or chess, but 
also, as Woodworth and others have remarked, in art apprecia¬ 
tion and novel reading. 

In music, again, the dissonances that aie harsh and disruptive 
at first become pleasant as they become more familiar, but finally 
are dull and boring (Chandler, 1934) The course of events is 
first, a dissonance with too much conflict to elicit an organized 
cerebral action, secondly, witli the establishment of new assem¬ 
blies, or modification of existmg ones (due to repeated stimula¬ 
tion by the new tone combination), an organized activity is 
aroused, m which, however, some conflict remains, and, finally, 
organization reaches a point at which the sensory stimulation no 
longer offers any check to the phase sequence, and pleasure has 
disappeared. This phenomenon m music might be subsumed 
quite well under Woodworth's generalization concernmg the 
role of problem-solving in art appreciation, but still more easily 
by the present foimulation. What I have sought here is a gen¬ 
eralization that would subsume not only the problem-solvmg 
factor, but also the effects of novelty and of a mild degree of 
fear, in contributing to pleasure. 

In its relation to the rest of the theory presented m this book, 
the discussion of pleasure has had two significances First, it is 
impoitant to show that the theory of emotional disturbance in 
the followmg chapter does not require that all conflict is un¬ 
pleasant and grossly disruptive of behavior, on the contrary. 
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some degiee of conflict is stimulating and necessary to the mam* 
tenance of normal responsiveness to the environment 
Secondly, whethei it is eventually found to be adequate or 
not, this discussion of pleasure together with the hypotheses of 
the nature of pain and emotional disturbance repiesents my at- 
tempt to be iid once and for all of the little man inside the skull 
who approves of some sensory events relayed to him by the 
neivous system, disapproves of otheis, and guides hehavioi ac¬ 
cordingly who encourages stimulation of the afferents horn the 
genitalia m his crafty and teleological aim to perpetuate the 
species, and who foi the same purposes becomes violent when 
C fibers are stimulated oi when he foresees that they aie going 
to be. By some such approach as the one suggested, it may 
become possible to understand the directedness and order in 
behavior, and the variability of motivation, as pioduced ]by 
neural functioning alone. 
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The discussion of emotion has been about as confused as that 
of any topic in psychology, partly because the teimmology is 
often equivocal and partly because tradition carries great weight 
in this part of the field and it is haid to keep a modern point 
of view consistently, The present chapter deals with emotional 
disturbance instead of emotion, for reasons to be made plain, 
and the discussion is limited m other respects It is not con¬ 
cerned mamly with sham lage and the hypothalamus, oi with 
emotion as a kind of awareness, oi with emotion as it may exist 
in states of quiet affection and the hke “Emotional disturbance” 
here is used to refer to the violent and unpleasant emotions, 
roughly, and to the transient iiiitabilities and anxieties of ordi¬ 
nary persons as well as to neurotic or psychotic disorder. Let 
me offer what justification I can for such an aiiangement of 
topics, 


EMOTION AS DISTINCT FROM SHAM RAGE 

Since the work of Baid (1934), the phenomenon of sham 
rage and its dependence on the posterior hypothalamus have 
held the center of the stage m the theory of emotion But the 
analyses of Lashley (1938c) and Masserman (1942), particu¬ 
larly where they have dealt with the clinical data that were 
supposed to establish the diencephalon as the seat of human 
emotion, have limited the emotional functions of this region to 
a motor integration An equally significant modification of his 
earlier work has been made by Bard (1942) himself He has 
reported that lage can be evoked from cats in which the pos- 
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tenor hypothalamus only has been destroyed—a most important 
obseivation. 

Thus, “lage” is not localized in the hypothalamus. Also, the 
lage o£ the decoiticate cat is maikedly different from the normal, 
so the name ''sham rage' was properly chosen and should be 
taken literally Sham lage is different m its time properties, 
lacking duration or after-dischaige followmg stimulation, it is 
different m the rigidity of its pattern, having almost none of the 
normal variability of motor expiession, and it differs radically 
in the limited range of stimulation that is adequate to elicit it 
Also, Spiegel, Millei, and Oppenheimer (1940) have reported 
the production of rage by lesions of (1) tubeiculum olfactorium, 
(2) hippocampus and fornix, and (3) amygdaloid complex, and 
slight, transient signs of rage from damage to (4) the pyriform 
cortex. 

Apart from these considerations, there are other emotional 
processes besides those that produce overt rage behavior. It is 
true that fear as well as rage has been evoked from the decorti¬ 
cate cat, hut apparently only by auditory stimulation and with 
considerable difiBculty Further, strong emotional disturbance 
can exist in the intact animal without pioducing either clearcut 
attack or cowering and flight The problem of emotion, in short, 
IS not simply the problem of the motoi pattern of sham rage (or 
"sham feai”) It is of course essential to have discovered the 
unexpected extent to which rage and feai patterns may appear 
in the decoiticate animal Bard’s work was one of the most 
important smgle contributions to undeistanding emotion But, 
given that knowledge, we must go on next to ask how the hypo¬ 
thalamic expression is modified by the presence of a large 
thalamus and cortex, how learning affects emotional behavioi, 
and the relationship of emotion to perception and thought. 

EMOTION NOT A STATE OF CONSCIOUSNESS 

Traditionally, emotion is an awareness, an event in conscious¬ 
ness. Here, perhaps moie than anywheie else in psychology, a 
traditional mteractionism (which is animism) tends to persist 
The affeient excitation is thought to pioduce a feelmg or awaie- 
ness, and that feeling then acts on the nervous system—it must 
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do so, accoidmg to such ideas, for it is the feeling tliat makes 
the subject sweat or tremble or run away, and the sweat glands 
and the legs are controlled by neive fibers 

Just such an inconsistency of thought has led to an endless, 
and pointless, debate on the James-Lange theory of emotion. 
What James and Lange were accounting for, again, was that 
emotional feeling oi awaieness, they postulated that the aware¬ 
ness IS a set of sensations, that the awaieness follows and does 
not cause emotional behavior (“I see the bear, I run, I feel 
afiaid”) Their critics proceeded to show that emotional expres¬ 
sion is still theie in the dog whose sensoiy processes have been 
inteifeied with, and thought tliis a refutation of the theory But 
such an argument is totally nrelevant, James did not say that 
emotional behavior depends on sensations from tlie limbs and 
visceia 

It IS equally u relevant to show that emotional expression is 
centially organized, m the hypothalamus. If James had raised 
the question at all, he must have assumed something of the sort; 
remember that what he denied was that consciousness intervenes 
between stimulus and response Therefore, showing that the 
"higher” centers of the cortex aie not needed for the response is 
clearly support for his position The extraordmaiy non seqmtur 
of such criticisms, made by some veiy distinguished critics in¬ 
deed, would not be possible if there were not the immutable 
idea that only emotional awareness oi feeling can produce emo¬ 
tional response If the response is there, the feeling must be 
also Such lUogic, assuming James to be wrong first, in order to 
prove him wrong, is the clearest evidence of the hold traditional 
ideas have on psychological thought 

But we must get rid of the tradition botli for scientific con¬ 
sistency and because psychological observers have been unani¬ 
mous in denymg that theie is any special, fundamental category 
of consciousness that can be called emotion "Emotional experi¬ 
ence IS a highly variable state [and] often partakes of the 
complicated nature of a judgment” (Landis and Hunt, 1932) I 
have reviewed the evidence on this pomt elsewhere (Hebb, 
1946a) and need not go mto it again, Since it seems that the 
term emotion does not lefer to a special kind of event m con¬ 
sciousness, and since in any case we must not slip into the in- 
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consistency of treating an immaterial awaieness as a causal 
agency, the term is not very useful in its traditional significance 
At the same time, we must postulate that the disturbances of 
emotional behavior have a neural oiigin, and the term emotion 
still can be useful to refer to the neuial processes that produce 
emotional behavior. 

It IS important to be clear that m this discussion “emotion” is 
a reference to the hypothetical neural processes that produce 
emotional behavior, explicitly, it lefers neithei to an immateiial 
state of consciousness nor to the observable pattern of emotional 
behavioi. 

EMOTION AS A DISORGANIZING INFLUENCE 

The thud point to be clarified is the distmction between emo¬ 
tional distuibance and those processes (also called emotional) 
which are inherently organizing and motivating A paper by 
Leepei (1948) has urged that all emotion be consideied to have 
such an integrating function. He has expressed a commonly 
held pomt of view, and has at the same tune I believe clouded 
the issue with which he dealt His position demands consid¬ 
eration 

Leeper has shown effectively that regaidmg emotion as disoi- 
ganizing has led some of us into an inconsistency, but he has 
proposed another inconsistency to take its place He points out 
that others have first defined emotion as a disorganization of 
behavior and have then gone on to give mother-love as one 
example of emotion This is certainly inconsistent But how is 
it difieient logically from defining emotion as something that 
makes behavioi inoie efficient and at the same time giving, as 
examples, the stage flight that ruins a peifoimance, the anger 
that makes a boxei less skillful, and the mental depiession that 
makes a man unable to earn a living^^ I must add at once that 
Leepei anticipated this ciiticism He answered it by saymg that, 
though emotion may sometimes disoiganize, the disorganization 
IS not characteristic because it occurs only (1) when emotion 
is extreme, oi (2) when the emotion conflicts with some othei 
motivation. As fai as one can see, howevei, the fiist of these 
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explanations depends on a mistaken use o£ analogy, the second 
begs the question 

1 It might be doubted whether emotion is disorganizmg only 
when extreme A touch of shyness or of self-consciousness, for 
example, may sometimes luin one's conversational skills. Leave 
this to one side, however, and accept the assumption that only 
strong emotion disrupts behavioi 

The idea that such an effect does not mdicate the true nature 
of emotion depends on this analogy An excess of salt or oxygen 
has toxic effects, “but we do not use this as a means of detei- 
mining the normal functions of such pioducts The same logic, 
then, should apply to emotional processes” (Leepei, 1948, p 
15) But we must really use the same logic We must, that is, 
ask the same question in both cases The question does not 
concern the “normal function” of emotion, but what emotion is 
No one doubts that fear has a useful function, aiding suivival, 
the question is, how? Might fear not be a simple disrupter of 
behavior and still be useful, if the disruption is mamly of the 
behavioi that gets us in trouble^ Emotion could then be disor¬ 
ganization and still have its survival value, because the disor¬ 
ganization is selective, eliminating some actions and allowing 
others to take then place 

If we accept the analogy between emotion and salt we still 
can say that emotion is disruptive of behavior, that it geneially 
has a useful function when it occurs in moderate degree and 
bad effects when there is too much of it—-exactly as with salt oi 
oxygen 

2 In discussing the stage fright that keeps a pianist from 
giving a good performance, Leeper says the emotion is not a 
disoiganizer of behavior because, by itself, it would produce 
only flight—a well-organized pattern of behavioi This seems to 
beg the question, since the pianist neither luns away nor stays 
to play well Leepei says it is not tire emotion that produces his 
incoordinations, but the conflict But if theie weie no conflict 
at all, would theie be any emotion? Are the conflict and the 
emotion quite mdependent? 

The difiSculty heie is clearest by Leeper s own criterion of 
“organization” He points out first that any duected behavior 
means the suppression of conflictmg tendencies, so conflict is not 
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ipso facto disorganization. The test is ^whether [an] interfer¬ 
ence IS relatively chaotic and haphazaid, oi whether the sup¬ 
pressions and changes of subordinate activities aie harmonious 
with some main function that is being seived" The trembling, 
palmar sweating, disturbance of bieathing, and incooidmations 
of the pianist’s fingeis, obviously, aie not harmonious witli the 
mam function bemg seived—until he actually runs away Could 
we legard his emotion as solely oiganizmg even then? See what 
tins implies If we are leally consistent in saying that any dis¬ 
organization in emotion is accidental, that emotion is essentially 
an organizer only, then a well-oiganized avoidance is at least as 
much an instance of fear as an ill-oiganized one. Consequently, 
the pianist who anticipates the possibility of stage flight, and 
calmly decides to keep away from the stage, piovides as good 
an example of emotion as the one that tiembles befoie an audi¬ 
ence We have deliberately got nd of any ciiterion of emotion 
except that it “aiouscs, sustains, and directs” behavior We have 
equated avoidance and feai, aggression and aiigei But these 
surely aie not identical 

The upshot of such an aigument is to bioaden the category 
of emotion so much that it includes all psychological piocesses 
We should then have to find anothei name for the distinctive 
event that—at piesent—is called emotional 

How are we to find some halfway point between this position 
and the one that Leeper has criticized so efiectively? I thmk it 
is evident that Muiin, Young, Dockeray, Woodworth, Landis, 
and so on (authois ciiticized for ticating emotion as disorgani¬ 
zation), weie after all not as absuid as Leeper thought them, 
at the same time, he has made untenable the proposition that 
"emotion” simply means a disruption of beliavioi 

A way out, I believe, can be found if we do two things first, 
stop talking about emotions as a single, fundamental kind of 
umtaiy psychological piocess, and separate (1) those m which 
the tendency is to maintain oi increase the oiiginal stimulating 
conditions (pleasmable or integrative emotions) fiom (2) those 
in which the tendency is to abolish or decrease the stimulus 
(rage, fear, disgust), including, howevei, depiessions in which 
the organism may discover no way of escape fiom the condition 
giving rise to the emotion. Secondly, if it is assumed that 
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stimuli in class 2 above are essentially disintegrative, it must also 
be recognized that the disintegration in lage or feai is often 
incipient or potential and likely to be successfully aveited by the 
aggression oi avoidance of the subject 

As to the first of these points, we have no need to bung to¬ 
gether pleasuie-seeking and melancholia, mothei-love and temper 
tantrums, always in the same smgle category—“emotion ” I have, 
m the preceding chaptei, discussed pleasuie as a special prob¬ 
lem, and I propose in this one to tiy to deal with a quite dif¬ 
ferent sort of process. Smce “emotion” undoubtedly will often 
continue to mean affection or piide as well as anxiety or shame, 
“emotional distuibance” is a bettci way of designating the sub¬ 
ject mattei of the present chapter 

RAGE AND FEAR IN CHIMPANZEES 

The theoiy of emotion proposed by Watson (1924) is by now 
classical It held that there aie tliiee mnate emotions, rage, 
feai, and love lage aioused by a restriction of physical move¬ 
ment, fear by a loud noise or sudden loss of support (and pre¬ 
sumably, pain), love by stimulation of the genitalia These 
stimuli may then seive to condition others* if a child feais ani¬ 
mals, it IS because he has been sciatched by a cat or knocked 
ovei, perhaps, by a fiieiidly dog while learning to walk As soon 
as one tries to apply this theoiy to the emotional distuibances 
that are actually observed in childien, seiious difficulty shows 
up; it is not leally plausible, and it has been subjected to pow¬ 
erful ciiticism by Dennis (1940) on lage, by Jones and Jones 
(1928) on feai, and by Valentine (1930), also on feai But it 
has been hard to document the ciiticism with experimental evi¬ 
dence, for two leasons Fust, it is not safe oi socially permitted 
to aiouse a stiong degree of emotion in human subjects for 
expelimental study Impoitant as the topic is, consequently, we 
have surprismgly little exact information about the causes and 
consequences of human emotion—above all, of adult emotion. 
Secondly, when one studies emotion as it occurs socially, outside 
the laboratory, it is almost impossible to know the antecedent 
conditions as they must be known if one is to undei stand the 
present responses of the subject. 
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But neither of these objections need apply to the study of 
emotion in animals, and the chunpanzee foitunately has an emo¬ 
tional repeitoue that is veiy like man's The things that annoy 
us aie apt to annoy him, and he shows his annoyance much as 
we do, his fears in some lespects aie astonishingly like mans— 
in what IS feared, m complexity of the causes of fear, in the re¬ 
lation of fear to intellectual development, in resistance to extinc¬ 
tion or reconditioning, and in the marked individual differences 
between one subject and the next Even more, theie aie data 
on what were with practical ceitainty two cases of neurosis oi 
psychosis in matin e chimpanzees whose histones were known 
fiom buth 01 very eaily mfancy, one bom in the Yerkes Laboia- 
tones of Primate Biology and one captured in the first year of 
life These animals of the Yerkes colony can be studied as 
human subjects cannot. Then histones aie known in detail, 
being lecorded in individual diaiies With these data, one is 
in a position to see just what complexity of i espouse must be 
provided foi in a theoiy of emotion, clironic as well as acute 

The causes of lage may have nothing to do with physical le- 
stramt of movement When the chimpanzee Dita, in heat, would 
sit where he could watch her fiom the next cage but one, Don 
seemed calm (if not content), but he had a tempei tantrum 
lepeatedly whenever she left the outer cage for an innei loom 
where he could not see hei. When Mona had a noisy temper 
tantium because Pan had stolen a peanut fiom hei, Pan was 
finally enraged to the point of beating hei up A chimpanzee 
may be angeied by a lepioof, by being staitled, or by bemg 
obliged to look at something unpleasant such as a model of a 
snake These causes act ‘‘spontaneously”, that is, the emotional 
disturbance does not have to be learned, any moie than a human 
being must learn specially to be angiy at distuibance of the 
peace, at being shown somethmg nasty, or at being momen- 
taiily scaled by a practical jokei (PIebb, 1945a)—although, as 
we shall see, a ceitain kind of learning, m infancy, may have to 
have been established first 

The causes of fear include not only loud noise oi sudden fall, 
but snakes with which an animal has nevei had contact (this 
can be known certainly with some chimpanzees i eared m the 
nuisery), solitude, and the strange or mysteiious McCulloch 
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and Hasleiud (1939) have analyzed such fears m a young chim¬ 
panzee 1 eared quite apart from others, and were thus able to 
show that they are not necessaiily acquired by '‘social condition¬ 
ing” or imitation. I discoveied accidentally that some of the 
chimpanzees of the Yerkes colony might have a paroxysm of 
terror at bemg shown a model of a human or chimpanzee head 
detached from the body, young infants showed no fear, inci eas¬ 
ing excitement was evident in the older (half-giown) animals, 
and those adults that were not frankly terrihed were still con¬ 
siderably excited. These individual diflferences among adults, 
and the difference of response at diSerent ages, are quite like 
the human differences in attitude toward snakes, the frequency 
and strength of fear increasing up to the age of seventeen or so 
in persons who had never been injured by a snake (Jones and 
Jones, 1928). The increase fits m with the conception that many 
fears depend on some degiee of intellectual development, and 
so with the idea that the range of such fears is characteristic of 
"higher” animals like man and chimpanzee (McBride and Hebb, 
1948) 

The observations using detached heads were then followed up 
by otheis, using various stimuli an isolated eye and eyebrow, a 
cast of a chimpanzee’s face, a skull, a cuied chimpanzee hide, 
an anesthetized chimpanzee 

Two things appealed first, that such stimulation may be pn- 
maiily a source of profound excitation^ rather than specifically 
fear-pioducing, the excitation was usually followed by avoid¬ 
ance, but sometimes by aggression, and sometimes it produced 
a maiked autonomic reaction combined with apparent friendli¬ 
ness On occasion, a confusing mixture of all these reactions 
was seen 

Secondly, this primitive excitation appeared to be fully parallel 
to the human emotional distuibance that may occur at the sight 
of a badly deformed face, in watching a majoi operation, dis¬ 
section, 01 autopsy for the first time, or as a result of contact 
with a dead body (Hebb, 1946b) This human disturbance, 
like the chimpanzee’s, is not specific—it may take the foim of 
nausea, of vascular distuibance and dizzmess, of disgust or fear, 
or may even facilitate angei (eg, at "deseciation” of the dead). 
It is important to recognize individual diffeiences of sensitivity 
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to such experiences, and the loss of sensitivity with lepeated 
exposure (which is presumably an eftect of learning), but this 
does not mean that the responses aie wholly learned The evi* 
dence is very definitely to the contraiy. the degiee of excitation 
IS likely to be stiongest on the fiist exposuie, piovided certam 
other expeiicnces have pieceded. On the other hand, the dis¬ 
appearance of response with repetition must be an effect of 
learning, and I believe we must assume that it is learning also 
that establishes any mtegiated response to such stimuli, trans- 
foiming a nonspecific emotional distuibance into an organized 
flight (disturbance plus a tendency to flight then constituting 
feai) 01 aggression (constituting iage) 

The complex origin of emotional disturbance may be clearest 
m the infant fear of strangers* About the age of four months 
the chimpanzee reared in the nuiseiy, with daily care from three 
or foul persons only and seemg few others, begms to show an 
emotional distuibance at the appioach of a stianger (Hebb and 
Riesen, 1943) The disturbance incieases m degiee in the fol¬ 
lowing months This is "'shyness'" but may become much more 
violent than that teim would usually imply It commonly shows 
up in the human baby about the sixth or seventh month (The 
age difference is m keeping with the fact that chimpanzee de¬ 
velopment generally takes only about two-thuds of the time for 
the coriesponding human development) Everyday experience 
tells us that shyness does not occur in the human child tliat is 
continually in contact with strangers, and that it is very strong, 
as a distiust oi fear of “foreigners” (even m adults) m isolated 
communities We might then suppose that the excitation out of 
which the fear develops is aroused innately at the sight of a 
stianger, but extmguished if enough new faces are seen with no 
accompanymg mjury But this supposition is wrong there is 
definite evidence that the response is not mnately established 
Dennis (1934) pointed out that human patients, congenitally 
blind and operated on to restore vision, have shown no emotional 
distuibance at the flist sight of a human face Chimpanzees 
reared in darkness, and brought into the light at an age when 
the response normally would be at its stiongest, show not the 
slightest disturbance at the sight of either friend or stranger, 
But some time later, after a ceitain amount of visual learning 
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has gone on, the distuibaiice begins to appear exactly as in other 
animals 

So it appears that the emotional disturbance is neither learned 
nor innate a ceitain learning must have pieceded, but given 
that leainmg the disturbance is complete on the first appearance 
of ceitain stimulus combinations Dennis (1940) has also made 
it deal that temper tantiums aie not learned, and still lequire 
that other thmgs have been learned first We are accustomed 
to think of any paiticular response as either learned oi innate, 
which IS apt to be a souice of confusion in thinking about such 
thmgs as far apart as an insightful act or neuiotic behavior—is 
the response mherited, or acquired? The answer is, Neither: 
either Yes oi No would be very misleading The uiational emo¬ 
tional disturbances of man and chimpanzee aie fully dependent 
on learning, but aie not learned in the usual sense of the teim 

On the other hand, m order to account foi the specific proc¬ 
esses of rage and feai, and the integrated, adaptive lesponses of 
aggression and flight, we must I believe give leainmg its role 
This point will be returned to aftei broadening the field of our 
inquiry by consider mg two cases of mental illness ui chim¬ 
panzees, 


MENTAL ILLNESS IN CHIMPANZEES 

Now, before turning to the mechanism of these responses, let 
me leport two cases of apparent neurosis or psychosis in the 
chimpanzee Here agam we have the advantage of knowing 
more of the previous experience of the patients than is possible 
with most human patients in the clinic We have no verbal 
recollections to go by (lecolleclion m clinical cases, after all, is 
apt to be unieliable), but the animals' experience, in cage life, 
IS much less varied than a man s would be and—once moie—the 
chimpanzees of the Yeikes colony have been undei daily obser¬ 
vation by trained observeis who have faithfully recorded at the 
tune of its occunence any observed illness, unusual experience, 
oi peculiarity of behavior 

We have further, in the paiticulai cases to be discussed, the 
mvaluable asset of control subjects It happens that four chim¬ 
panzees were reared together for a large part of the develop- 
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mental period, in the same cucumstances. Alpha, Kambi, Bula, 
and Bimba, Alpha and Bula were born in captivity, Kambi and 
Bimba were captuied wild, at about nine months of age. Noth¬ 
ing was recoided, and nothing could latei be recalled, by the 
trained workeis who reared them, that would account for any 
great difEerences in the adult personalities of these four chim¬ 
panzees Yet, by the time of adolescence, one of the four 
(Kambi) was a hypochondiiac—as far as behavior could show, 
and one other (Alpha) in full matuiity suddenly developed an 
extreme phobia. Let me give these histones in more detail. 

Alpha was born in 1930, the first chimpanzee to be born m the 
Yerkes colony She was taken from her mother immediately and 
reared apart from other chimpanzees until she was one yeai old 
(Jacobsen, Jacobsen, and Yoshioka, 1932) She then was biought 
into the laboratoiy, as one of the group of foui to which I have 
already referred The menaiche was at age eight, and her sexual 
behavior with males has always been entirely normal Tire con¬ 
census of the staff was that Alpha, as she became matuie, had 
a stiong liking foi human company, was not particularly blight 
and was veiy obstinate but still a good expeiimental subject 
Otherwise she was just a chimpanzee Chimpanzees, like men, 
have their individual peculiarities, and no gieat piognostic sig¬ 
nificance was attached to some small peculiaiities of Alpha's— 
although, m the light of her later psychiatric problem, some of 
the peculiarities weie peculiaily Freudian. Alpha would defi¬ 
nitely not have anything to do with any caiiot with a forked 
root, nor usually with any long cylindrical vegetable such as 
okia, though when cairot oi okia was cut up befoie hei eyes she 
would accept and eat the pieces immediately Finally, she had 
a marked tendency to masturbate, frequently against the water 
faucet piojectmg from the wall of hei cage, whenever a human 
being came m sight 

In 1942, when Alpha was twelve (coiiesponding roughly to 
full maturity), a seiious disturbance of behavior appeared Witli 
no warning signs, she suddenly refused all solid foods, despite 
being veiy hungiy. It then appeared that she would eat at once 
if food was cut small for hei, and a number of tests showed con¬ 
clusively that she was violently afiaid of contact with any piece 
of food moie than an inch or so in length oi thickness Con- 
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siderations given elsewhere (Hebb, 1947) lead me to believe 
that this behavior cannot be sufiBciently explained as due to in¬ 
jury, as fiom a thoin oi stinging insect m the food, though such 
event may well have been the piecipitant The feais fluctuated 
considerably, but waned gradually until they had completely dis¬ 
appeared two years after the original onset, then, after another 
year, they reappeared with equal suddenness and seventy (this 
second episode clearing up more promptly, however). 

A fuithei phenomenon, of the greatest importance foi showing 
the parallel with clinical cases, was observed duiing the first of 
these two neuiotic or psychotic episodes Foui months after the 
first onset, when the fear of food had greatly decieased, Alpha 
out of a blue sky developed a strong feai of me, later a violent 
aggression, and then (having been soaked with water from a 
hose for hei persistent attacks) became quite friendly, at the 
same time reveitmg to her fear of food 

Two friendly critics, on the occasion of the onginal report of 
this case, were able (with seiious intent) to diagnose the case 
and explain the cause of illness. Alpha, in shoit, was in love 
with me, the earlier fear of forked caiiot and of cylindiical ob¬ 
jects, and the masturbation against a piojectmg water faucet, 
were not the only Freudian features of the case The aggression 
occurred because Alpha had had to repress her unmaidenly de¬ 
sires, with an inevitable result This is an interesting idea, liking 
chimpanzees (oi some chimpanzees), it would please me to 
think them capable of such delicacy, such capacity for repressing 
vulgai desue—m short, to think of chimpanzees as havmg Super¬ 
egos 

But if Alpha had a Superego its operation was lathei hit-and- 
miss, and in many of her dealings with other chimpanzees (or 
with the staff), and in some of her personal habits, theie was 
little sign of self-imposed restiictions If Alpha was m love, it 
must have been with someone else, and her emotional distuib- 
ance had no i elation to fluctuating level of sex drive, which in 
chunpanzees is dnectly correlated with the menstrual cycle. It 
might be amusing to try to psychoanalyze Alpha, but it seems it 
would not be very profitable either as therapy oi as a contribu¬ 
tion to knowledge 

The second history is quite different 
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Kambi was captured at the estimated age of nine months and 
leaied constantly in tlie company of othei females of hei own 
age From eighteen months of age onwaid, she was one of the 
gioup of foul—Alpha, Kambi, Bula, Bimba Moiphme addiction 
was biiefly established at the age of eight (Spiagg, 1940) She 
showed almost none of the usual sex play befoie menaiche (at 
age nine) and copulated once only aftei it—although she showed 
the physical signs of coming into heat peiiodically, with the 
menstrual cycle She was spayed at the age of twelve foi expeu- 
mental puiposes, with no apparent change m ovei-all personality. 

To summarize Kambi s behavioral disturbance fiist m clinically 
intelligible language, she gave the impression from eaily child¬ 
hood of being mtrovcited, with a veiy stiong pieference for 
human company, and subject to penods of depression. During 
adolescence, the depiession when it occuried was extreme The 
attacks continued after maturity and often lasted for months at 
a time Her depiession was sometimes initiated by a somatic 
illness, when it did begm so, it did not clear up with the illness 
but conbnued long after ^ 

The actual evidence of depression is as follows Ordinarily 
Kambi was easily annoyed by failuie to get something she 
wanted, but she was always lesponsive to (and acted in a way 
that was likely to get) attention fiom the human staff, definitely 
moie mterested in such attention than in food, but ordinarily 
getting enough to eat But then £oi a peiiod up to six or eight 
months in length she would sit day after day with hei back 
hunched up against the wall of her cage, nevei seeking attention 
and raiely respondmg to human overtures, and almost totally 
unmterested in food so that if she weie not caged alone she 
might have staived definitely a different animal 

Once more the case shows a Freudian element, in Kambis 

* I am indebted, foi some of the obseivations in tins summary, to Dr 
Henry W Nissen, who knew Kambi thoroughly m her infancy and at ma¬ 
turity. It was he who obtained her m Afiica and brought her to the 
Yeikes colony with Bimba and a number of other young animals, and later 
had peisonal charge of their rearing I should emphasize that the descrip¬ 
tion IS a convenient way of reporting hehamoi and does not necessarily 
imply anything about conscious states Kambi m short acted as a depressed 
introverted human might act 
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lack of sexual motivation (which has, however, been obseived in 
other animals at the Yerkes laboiatoiies, with no sign of psy¬ 
chotic uivolvement). But no traumatic sexual event can be ad¬ 
duced to account for this The one copulation that was obseived 
was quite noimal, and Kambis lack of sexual responsiveness had 
appealed much earliei Distuibed ideas about sex aie common 
in human mental illness, but so aie disturbances of eating and 
sleep, and theie is usually no evidence to show that sexual con¬ 
flict occuis fiist and is the cause of the more piofound disturb¬ 
ance of which it IS part In Kambi's case theie was no evidence 
of sexual conflict at all—simply a complete lack of apparent 
interest 

The emphasis in these two histones of chimpanzee psychosis, 
01 neurosis, is on the absence of any paiticular expeiience to 
which the behavioral breakdown can be ascribed But I do not 
suggest for a moment that expeiience is not a factor, I shall uige 
later that experience is a factor m almost any emotional bieak- 
down. The pomt heie is that if it was the mam factor, m these 
two cases, it must have operated in a way that we do not at 
present understand at all, and quite unlike the mechanism of the 
“experimental neuiosis’' 

The fact to be kept in mmd is that we have two chimpanzees 
as contiol subjects (in an unplanned expeiiment, smce no one 
foiesaw the later course of development in Alpha and Kambi, 
but still an excellent expeiiment) Aftei capture, Bimba had 
the same general expeiiences as Kambi (both captuied at the 
estimated age of nine or ten months), m every lespect that our 
present knowledge would suggest is impoitant There is no 
basis for postulating some special tiauma foi Kambi before she 
came under psychological observation, for the diaries of the two 
animals show that foi the first thiee years of captivity it was 
Bimba, not Kambi, that was less well adapted to her enviion- 
ment more fearful, less trusting, less coopeiative in an expeii¬ 
ment—until the age of four, when the loles were giadually le- 
versed» 

Again, Alpha and Bula weie both born in captivity, and 
though Bula was left with her mother until the age of fouiteen 
months whereas Alpha was removed at buth, there is little sign 
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in tlie diaries of the subsequent foui or five yeais to show tliat 
this had any eEect on their latei adjustments, 

Experiencej and expeiience alone^ may have been the decisive 
factor in the bieakdown of two of these four animals at maturity, 
but, if so, it opeiated in some way that is quite mysterious m the 
light of our piesent knowledge of behavioi. Freudian tlieoiy 
has the ciedit of lecogmzing the existence of a kind of learning 
that causes, appaiently, no immediate emotional disturbance 
and yet may contribute to one much latei Such learning un¬ 
doubtedly occuis, and may well have been involved m Alphas 
or Kambis illness, but if this is to be postulated we must find 
some way of mcoipoiating it mto other learning theory—not as 
an ad hoc assumption specially made to deal with mental 
illness. 


MECHANISMS OF EMOTIONAL RESPONSE 

What I believe to be the mechanisms of primaiy emotional 
disturbance have been discussed m preceding chapters, together 
with a mechanism of emotional learnmg It lemains to pull the 
eailiei discussions togethei and to try to show how a mechanism 
of learning might tiansfoim emotional disturbance, as a bieak¬ 
down of adaptation, into the adaptive responses of attack, flight, 
and so on. that is, how anger oi feai might develop out of an 
undiffeientiated emotional disturbance, and how a failuie to 
develop an adaptive mode of response might constitute neurosis 
The aspects of emotional distuibance that mamly determine 
this treatment of the pioblem can be summazized as follows (1) 
the gieat variety of causes of distuibance, langmg fiom an un- 
familiai combmation of familiar things (feai of the stiange) or 
an mterruption of sleep, to hungei, nutritional deficiency, or 
withdrawal of a diug fiom the addict, (2) the fact that a single 
cause may pioduce angei, fear, or nausea and faintness, m the 
same subject at different times, oi in diffeient subjects, (3) the 
great variety of expiession even of a smgle emotion, and (4) the 
different ways in which the expiession of emotion changes, as the 
subject IS habituated to the stimulating conditions 
To account foi item 1, it has been assumed that the emotion 
is a distuibance m the timmg of thalamo-coitical filing—a dis- 
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luption of the phase sequence when the subject is awake, of the 
intrinsic organization of ceiebral activity when he is asleep. The 
disruption may be slight and brief, in this hypothesis, or exten¬ 
sive and prolonged, it may be pioduced by a conflict of phase 
sequences, by a lack of sensory support for the phase sequence, 
or by metabolic changes. 

Now the question is, how fai a second assumption can account 
for items 2, 3, and 4, listed above This assumption was made 
earlier (p 150), to account for the learning by a i at to choose 
a lighter door and avoid a daiker one, m discrunmation train¬ 
ing It is, in short, that a disruption of thalamo-cortical timing 
tends to prevent the recuirence of the phase sequence that led up 
to that disruption on previous occasions, because of the cyclical 
(anticipatoiy and recuiient) organization of the phase sequence 
This IS a mechanism of learning, and it is pioposed now that it 
would account for the adaptive features of rage (emotional dis- 
tuibance plus attack) oi fear (the same thing plus avoidance), 
as learned behavioi that is deteimined by the accompanying 
emotional disturbance, Paiticularly, it would account foi the 
vai lability of the behavior and foi the marked tendency of the 
emotional element itself to disappear as the originally distuibmg 
situation IS repeated. 

Above and beyond the question of the intrinsic plausibility of 
the idea that flight, m feai, is a learned response (it may not be 
as implausible as it seems at fiist glance), is the apparent neces¬ 
sity of my first assumption, that emotional distuibance is a dis¬ 
ruption of cerebial timing If this is necessary, we must then 
find some way of accounting for the other aspects of emotional 
behavior Let us look again, then, at the causes of emotional dis¬ 
turbance, which may be arranged in thiee classes. 

Class I Take as a starting point the infant chimpanzees fear 
of the stiange It has aheady been seen that this is not innate, 
not a fear of what is totally strange, since the animal reaied in 
darkness does not show it until vision in geneial has begun to 
have some ^'meaning” for hrm (until it arouses phase sequences). 
Consider fuither that a familiai attendant A, weaiing the equally 
familiar coat B of another attendant, may aiouse tire fear just as 
a complete sti anger would A causes no distuibance, B causes 
none, A and B together cause a violent emotional reaction It 
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is this soit of fact that makes it necessaiy to suppose that two 
phase sequences may mtexfere with one another The first class 
of emotional distuibance thus is one caused by a conflict (which 
may be extended to the disruptive effect of pain stimuli and 
other “unpleasant*' sensory events) 

Class II Now a second case It was for long heiesy to sup¬ 
pose that theie could be a feai of daikness Daikness is a lack 
of stimulation (at least aftei the first few seconds in the daik); 
how can it aiouse an emotional lesponse^ Feai of the dark is 
not likely to appeal until the age of tlnee oi later in human chil¬ 
dren (Jersild and Holmes, 1935) and so the skeptic who thought 
that his child developed the fear without cause could be an¬ 
swered by the old appeal to ignorance how can he be certain, 
with the vaiied unsupervised expeiiences a child must have m 
a thiee-yeai peiiod^ Howevei, the violent avoidance of solitude 
by young chimpanzees (Kohler, 1925) is at least as marked as 
the human fear of the daik, and can be shown to be duo only 
to the lack of the peiception of companions This then implies 
a second class of emotional distuibance feai of the daik, feai 
of solitude, fear aroused by loss of suppoit, and the emotional 
changes observed by Ramsdell * following piolonged absence of 
the noimal auditoiy stimulation It would compiise also emo¬ 
tional distuibance due to contact with a dead body (which lacks 
warmth and the usual responsiveness), angei at the lack of social 
response in anothei person (“inattentiveness”), oi a monkeys 
anger at not finding the particulai kind of food lewaid he ex¬ 
pected (Tmklepaugh, 1928), grief, homesickness, and so on 

* Personal communication from Dr Donald A Ramsdell, who was con¬ 
cerned to understand the high frequency of maiked emotional changes 
which he observed in veterans following traumatic loss of hearing He 
arranged ejuperimentally to deafen himself, effectively eliminating airborne 
sounds for a period of three days The results are described by Dr 
Ramsdell as follows, particularly with legaid to tlie question whethei tlie 
deafness would contribute to any neurotic or psychotic tendency 

“In my experience there was a definite increase of irntabihty and a de¬ 
sire to either withdraw from the field or, if held in tlie field, to charge’ into 
it This would be comparable to being irritated widi a friend, and eitliei 
wiQidrawing witliout saying anything or ‘letting him have it’ Such be¬ 
havior would not be characterized by ideas of persecution nor suspicion of 
the friend However, you might say Qiat the desire to ‘charge’ into a situa¬ 
tion IS such stuff as paranoia is made of, but for a true paranoid idea of 
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That a conflict of phase sequences, or a lack of sensory sup- 
poit for the phase sequence, should pioduce any extensive dis¬ 
ruption in the timing of cortical action is not a logically mescap- 
able deduction from the schema of neuial action presented in 
Chapteis 4 and 5 What the schematizmg actually did was 
suggest the possibility, as somethmg that would account for a 
similar effect of two so dissimilai causes and make the lelation- 
ship between peiception and emotional disturbance intelligible 
The idea then seemed to gain strong suppoit when it drew atten¬ 
tion to another set of facts that is usually forgotten m discussing 
emotional theoiy These facts concern the relationship of emo¬ 
tional disturbance to metabolic changes 

Class III The thud class of the causes of fear, lage, and so 
on, though it was actually arrived at last in formulatmg these 
ideas, comes neaier than either of the others to being a neces- 
saiy consequence of the neural schema To the earlier discus¬ 
sion of the effects of chemical changes in the niitiient fluids that 
bathe the neural cell (p 196), showing that a distuibance of 
timing must result, I need add only that a laige intracranial 
tumor, compressing blood vessels and inteifermg with blood 
flow, obviously could have similai effects, and also tliat asthma, 
or vascular disease, oi an antigen acting to produce vasculai 
spasm m mti acranial vessels—any of these—might produce emo¬ 
tional disturbance directly, by affecting the amount of oxygen 
in the blood or the amount of blood that is supplied to neural 
tissues. Emotional changes are m fact frequently associated 

persecution, tlie capacity for interpersonal relationship must be so weak that 
real suspicion can develop Assuming then interpersonal relationships to be 
secure, I would say tliat deafness is accompanied by a feeling of perplexity 
and disorientation analogous to the fear of tlie dark or fear of solitude 
Such a disorientation in one's social milieu need not necessarily involve 
paranoid disturbances anv more than being in tlie dark would induce one 
to hear footsteps at his bach In my opinion, tlie feelings of personal in¬ 
adequacies (impairment of die body image), irritability, and an exagger¬ 
ated response to stimuh, and the wish to leave tlie field or, if held m the 
field, to "charge' mlo it, characterize the experience of deafness” 

I should like to draw attenbon also to Dr Ramsdells suggestion that the 
emotional condition might lead to more than one overt pattern of response 
Tins IS relevant to tlie later discussion of the way in which different 
“emotions” might develop from the same primitive disturbance. 
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with all such conditions, and the one assumption that seems to 
provide a common giound for such varied sources of distuibance 
(including not only the metabolic changes in Class III but also 
the perceptual conflicts and peiceptual deficits of Classes I and 
II) IS the assumption that emotional disturbance is in the first 
place a disruption of the timing of neuronal activity in the ceie- 
brum This also accounts dhectly for the incoordinations of 
emotion Until some better guess is made, we must see what 
can be done with the assumption, and this imposes the burden 
of accounting for the integiated and cooidinated aspects of 
emotional behavior (Leeper, 1948). 

Now this cooidinated part of the behavior, in the unpleasant 
emotions, has one constant function It is always such as to 
tend to put an end to the origmal stimulation (m the pleasant 
emotions, of course, this tendency is reversed) Aggression, in 
rage, tends to change the irritating behavior of another animal— 
by cowing, diivmg off, oi lolling the annoyei. Flight, in feai, 
tends to prevent or terminate noxious stimulation. Avoidance— 
tuinmg the head away from an unpleasant sight, covering the 
ears, holding the nose, or withdrawing the hand, as well as ac¬ 
tually running away—tends to stop the stimulation that aiouses 
either an urational fear of some meit object or the piactically 
equivalent disgust Fawning may be a manifestation of fear as 
much as flight, and so may the desperate attack of a cornered 
animal and each is a possible way of putting an end to the 
emotion-arousmg behavior of another organism. 

Failwe to respond, m shame, is a special case, in which one’s 
own behavior is the emotion-provoking stimulus, the effect of 
the emotional disturbance is negative, preventing the recuizence 
of that behavior, but this is also in Ime with the present thesis, 
namely All these effects may be achieved because stiong emo¬ 
tional distui bance tends to prevent the repetition of any line of 
thought that leads up to it, and to eliminate the corresponding 
behavioi In some situations, a pinnitive, undiffeientiated dis¬ 
tuibance would develop into fear, where withdrawal is the only 
thing that ends the distuibance, in others, anger, when attack is 
the only effective behavioi, in still otheis, either fcai oi angei 
might lesult, when either behavior would be effective, and 
which result happens would be determined by the animal’s past 
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experience as well as by his own inlieiited peculiarities But in 
some situations, and for some subjects, no behavior might be 
discovered that would abolish the emotional disturbance, and the 
effect of learning in this case might be to reinforce the visceial 
disturbance and the mcooidinations of the skeletal musculatuie, 
and—above all—the disoiganization of the phase sequence, which 
is a disorganization of thought 

This is the point at which neuiosis and psychosis enter tire 
theoretical stiucture they aie (1) conditions of chronic emo¬ 
tional distuibance, oi (2) ones in which emotional disturbance, 
in the past, has effected a lasting modification of the thought 
process (see footnote, p 259) 

The first objection that might be made to such an appioach is 
this As the hypothesis has been piesented so fai, it might sug¬ 
gest that aggiession, in angei, appeals only by default—only be¬ 
cause othei forms of behavioi have been eliminated—and to 
common sense tins is not reasonable Aggression appears to 
have a much more intimate and necessary i elation to the emo¬ 
tional disturbance of angei And so with avoidance, in feai 
My first answer is that this may be perfectly true, in the adult, 
even in the foui-yeai-old But this pioves nothing about the 
origin of the relationship Emotional disturbance and the ag¬ 
giession may seem inseparable to us foi exactly the same reason 
that noddmg the head and Yes are inseparable—in this culture* 
because the two have been tied in togethei by long practice and 
experience 

It IS instructive to observe just what happens in emotional 
learning, when we do have a chance to observe it Budges 
(cited by Jones, 1933) has shown that children’s emotional pat¬ 
terns develop out of a primitive undiffeientiated excitation This 
fact may not be crucial, for the change may depend on physical 
matuiation and not on a learning process But when chimpan¬ 
zees are exposed foi the fiist time to certain emotion-provoking 
situations, the fiist effect again appears not to be a specific pat¬ 
tern of adaptation but a generalized excitation When Alfalfa, 
one of the chimpanzees reared m darkness by Riesen (1947), 
was biought out into the light she did not show any emotional 
disturbance at the sight of strangers, as I have already pointed 
out, the emotion lequires a ceitain amount of visual expeiience 
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before it occurs. When signs of the disturbance appealed some 
tune later, they seemed completely unspecific a raising of the 
geneial level of excitation, with signs of autonomic action and 
undirected movements. I have lemaiked elsewhere (Hebb, 
1946&) on the lack of a consistent mode of response of some 
adult chimpanzees at the first exposure to a disguised poison, 
wearing a mask and acting in an aggressive mannei which they 
weie not used to encounteimg in human beings, and also on the 
gradual emergence of a consistent mode of emotional response, 
but different m form for different animals 

The implication of my hypothesis, then, is that adult intio- 
spection cannot be an argument against its validity, since the 
essential learning would be thoroughly established in early in¬ 
fancy 

Obseiva fiuther the conditions in which the adaptive behavior 
of adult emotion occurs Apart fiom the spinal reflexes aioused 
by noxious stimulation, a fully coordinated emotional response 
appears always to be a response to premonitoiy cues, not in 
themselves disruptive, but associated with disiuptive stimulation 
When the piimitively disruptive event occurs suddenly, without 
any warning, the response is nevei a smooth and economical 
coopeiation of cffectoi oigans but is likely to involve staitle, 
tiembhng, sweating, vocalization, vascular change, and so on, 
and is then followed by a coordinated response which differs 
according to the subject’s perception of the total situation If 
the adaptive behavioi of fear (that is, avoidance) is indeed a 
response to events that are not directly disruptive but piemoiii- 
tory cues associated with disruption, the behavioi is by defini¬ 
tion a learned response It is then intelligible why there is 
usually less emotional activity at maturity. As experience in¬ 
creases, rage and fear would tend to disappear m the familiai 
environment, for the utilization of piemomtory cues, to avoid 
disturbance that is foreseen but not yet in existence, would be¬ 
come more and more efficient The integrative pait of emotional 
behavior and the dismtegiativc are mveisely related as one in¬ 
creases, the other deci cases. 

The objection that we have just considered is that the con¬ 
nection between aggression and emotional disturbance, in rage, 
IS not an accidental one—established merely by association oi 
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by the elmimation of alternative modes of reaction The objec¬ 
tion may be taken fuither It cannot leally be a mattei of 
chance whethei fear oi anger will result, even in situations in 
which eithei avoidance oi attack would have the same effect 
of changing a disiuptive stimulation. Ghaiacteiistically, some 
situations evoke lage, otheis fear, and so on The objection cai- 
iies weight, and must be consideied I should say at once that 
I do not believe that it is suflBciently answeied by what follows, 
and theie are, with leasonable certamty, impoitant constitutional 
factois deteunimng the mode of emotional response which I 
cannot deal with It is also possible that mildei degrees of dis¬ 
ruption innately tend to lead to aggression, stiongei ones to 
avoidance. 

In addition, however, factois of learning aie present that 
should not be overlooked One thing that determines whethei 
feai or angei will result when the phase sequence is disrupted 
may be the particular phase sequence itself, and the effect of 
eailiei learning in similar situations, which determines what 
alternative sequences are available to take over when the dis¬ 
rupted sequence leaves the field open With this in mind, ob¬ 
serve that anger is chai acteristically aroused by the behavior of 
others (ie ,hy social stimulation) when the behavioi is not con¬ 
sistent with what one is proposing to do, when one expects re¬ 
sistance in having the behavior changed, and finally when one 
thinks one may be able to change it 

It IS a humiliating fact that one tends not to get angiy at 
piize-fighters, or at the criticism of the higher-up whose praise 
or approval is important This is far from being absolutely hue, 
but it seems that anger is most easily aroused by opposition 
where one thinks one could prevail by force where the oppo¬ 
nent ought to see that you can get youi own way, and give in 
giacefully. 

I believe it is also hue that, the moic authoritaiian the regime 
in which a child grows up, and the moie frequent and severe 
the punishment he suffers for disobedience, the less likely he is, 
as an adult, to get angry at higher authority and the more likely 
to be angered by insubordination If so, it means that angei 
does not occui in situations wheie disiuphve stimulation has 
regiilaily broken up the phase sequence that determmes aggres- 
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Sion, that it does occur wheie aggiessive behavior has not usually 
been disrupted befoie. (That such evidence should have to be 
resorted to—I know of none apart fiom such folklore—is the best 
indication ot a lack of scientific knowledge, on a veiy impoitant 
topic in psychology, which is due to the difiBculty of expeii- 
menting with any but the mildest of human emotions ) 

Now a final objection to the hypothesis that learning is what 
mainly differentiates the vaiious emotions. Nothing has been 
said so far to provide foi the exceptional vigoi that an emotional 
1 espouse is apt to have. This I believe is the greatest defect m 
the hypothesis. Several things might be suggested to lemedy 
it One possibility is that when disoiganization occuis it leaves 
transmission units in the cerebrum ready to flie with any subse¬ 
quent activity These units would ordinarily be involved m the 
assembly action that is now prevented, they may then tend to 
be recruited by whatever assemblies do act subsequently, in¬ 
creasing the strength of the facilitation delivered to motoi cen¬ 
ters but also tendmg to make the motoi response less precise 
(since the reciuitment of extia cells would tend to change the 
frequency properties of the individual assembly). This might 
also be applied to the pleasurable activity, discussed m the pre¬ 
ceding chapter, that depends on fiist arousing appiehension, 
then dispelluig it It may offer some cue also to tlie nature of 
laughter, which may be most efficiently aroused, perhaps, when 
there is a combination of phase sequences that pi oduces a minor 
disturbance of timing immediately followed by a fuither com¬ 
bination of assemblies that have no conflict. There would still 
remain the fragments, so to speak, of assemblies that weie dis¬ 
rupted, which tend to induce some motor activity In some 
cases this may induce angei or fear oi embarrassment, if the dis¬ 
ruption IS extensive, but in other cases a coitically controlled 
overactivation of the breathing mechanisms may serve to pick 
up the fragments—which appears as laughter Fnst a mmor 
conflict, incongruity oi appiehension, then a new perception of 
the situation that leaves no need of avoidance, nothing to be 
changed in the behavior of other persons or m the total situa¬ 
tion, but still leaves a condition of excitation that must issue in 
one form of behavior or another 
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THE NATURE OF MENTAL ILLNESS 

It has alieady been pioposed that mental illness consists either 
of a chronic distuibance of time relations in the cerebrum, or a 
lastmg distoition of the thought process fiom such a disturbance 
at an eailier time ^ This is a rathei general pioposition, and 
we must now consider the theoretical problems of mental illness 
in moie detail. The general approach that has been proposed 
may have value only m helpmg to maintain a point of view that 
is hard to maintam, and yet essential The point of view is this 
neurosis or psychosis is a pioduct neithei of experience nor of 
constitution, but a ]omt product of both 

Tradition, once more, is the villain of the piece In this field 
we are still dominated by the old dichotomy, is the illness mental 
or physical, functional or oiganic, and now, under new names, is 
it psychosomatic, or just somatic? 

It may make sense to ask whether a breakdown is piimarily 
expeiiential, implying that with an ordmaiy degree of stiain it 
would not have occurred, or piimaiily constitutional, implymg 
that the mildest of stiams would have caused the breakdown, 
that the patient’s ability to withstand stiam was low But this 
cannot give us two kinds of mental illness, any more than, m a 
completely parallel situation, there aie two kinds of tuberculosis 

If tliere aie not two kinds of mental illness, we have no basis 
for dismissmg the mental illness that goes with pellagia oi some 
glandulai dysfunction as not bemg a “tiue” psychosis, no basis 
foi thinking of a special category of chionic emotional distuib¬ 
ance, of which experience is the sole cause, and psychotheiapy 
in some form the sole method of cure Logic and the whole 
clmical liteiatuie requue that we remember the lole of the con- 

* This disimction is not further elaborated in the text It is primarily 
based on theoretical considerations, but it seems to agree with the fact that 
the neurotic or psychotic frequently appears to have found a way of think¬ 
ing and acting that obviates emotional disturbance The illness is perhaps 
either (1) a continued emotional disturbance, with anxiety or the like, or 
(2) changes m tliought (new phase sequences) that are not characteristic 
of the maionty of the population but which avoid some conflict that makes 
for major disruption of assembly or phase sequence 
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stitution m any mental illness, just as we must remembei the role 
of expeuence It is haid to avoid gomg to exti ernes when this 
topic IS discussed, it is veiy haid to keep from thinking m teims 
of the old dichotomy, but I believe we must keep a middle way 
Until quite recently, the task of the psychologist and psychiatrist 
was to keep the medical woild from thmking of mental illness 
as always due to some lesion of the cential neivous system—a 
lesion that usually could not be found Now the pendulum has 
swung to the other extieme, and the medical woild may be in 
some danger of oveiestimatmg the role of psychological causa¬ 
tion in both mental illness and illnesses that used to be called 
physical The task is still to find a middle way 

I believe there is no longei a danger that psychological factois 
m illness will not be recognized there is haidly a popular journal 
in the western hemispheie that does not publish articles explain¬ 
ing how illness may be due to woiiy oi to a desire to get out of 
some soit of tiouble In medical pi aclice it may happen that 
failuie to make a definite diagnosis can automatically determine 
that the patient is psychoneurotic This tendency has been pio- 
tested against by physicians concerned with the welfaie of the 
patient (Bowman, 1946, Wilson and Rupp, 1947) But it also 
lepiesents a mode of thinking by the psychologist or psychiatrist 
himself that may hindei the development of theory. It is as 
much incumbent on the psychologist to demonstrate the limits 
of psychological influence in illness as to demonstrate its extent, 
as matters stand today, the first need for research in the field 
may be to ask what we do not know about psychological in¬ 
fluence. 

Psychology’s ignorance about a number of these matters is 
bad, but it is woise when we substitute dogmatism foi scientific 
knowledge We still need an Ajax to stand up and defy the 
hghtnmg and ask, What is the evidence? when some authority 
informs the public that believing m Santa Claus is bad for chil¬ 
dren, that comic books lead to psychological degeneracy, that 
asthma is due to a ludden mental illness, oi that a child's bed¬ 
wetting must be tieated by psychoanalysis, and psychoanalysis 
alone, instead of the simple and effective method of condition- 
mg described by Mowiei and Mowier (1938) 

Let me then present four propositions for serious considera- 
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tion, even though they may sound iidiculous (1) that there is 
no separate class of mental illness caused by psychological fac- 
tois alone-by what was seen and heaid in childhood, (2) that 
we know little about ‘mental hygiene” oi how to achieve it, (3) 
that it has not been shown that woiry or the like can by itself 
cause any bodily condition such as asthma or stomach ulceis, 
though it aggiavates such conditions, and (4) that it has not 
been shown that any specialized psychotheiapy, such as psycho¬ 
analysis, has any special value m mental illness. The fiist of 
these I think is logically mescapable, piopositions 2, 3, and 4 
may not be as absuid as they appeal What I am talking about 
is proof, one may know that psychoanalysis is of value and yet 
not have the evidence m a form that would establish this as a 
scientific fact. Obviously, m a scientific argument one must 
accept the scientific canons, and putting the evidence m logical 
shape should ultimately lead to impioved medical piocedures as 
well as more precise theoiy 

If we aie to improve therapy, or if prophylaxis is to be pos¬ 
sible at all, we must nnpiove theory fiist and know more exactly 
what leads to what As long as such questions as those laised 
above aie answeied on a pnon opmion alone, theory will get 
nowhere, for the experiments necessary to it will not be done 
Evidently the current development of psychological ideas in 
medicine has a profound necessity behind it let us see what 
kind of solid factual evidence we need in order to keep this 
development on the lails and to extend its influence, not only m 
the clinical but also m tlie social and educational fields. 

MENTAL ILLNESS AS A FUNCTION OF THE 
CONSTITUTION 

The first question raised was whether theie is any class of 
mental illness that is due to experience alone My point of view 
here has alieady been stated that such a class does not exist, 
smee any behavioial condition must be a function both of expe¬ 
rience and of the constitution that does the experiencing. We 
may take it, however, that the lelative unpoitancc of expeiience 
and constitution may vaiy in mental illness At one extieme, it 
might be assumed that there is no human constitution that will 
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not bleak down when emotional disturbance is sufficiently severe 
and prolonged (Swank and Maichand, 1946), at the other, that 
metabolic changes alone may produce emotional disturbance 
that will peisist as long as metabolic factors remain vaiiable and 
unstable. But the theoiy that has been developed indicates that 
the essential natiue of the lesultmg condition may be the same 
in both cases. Theie have been an increasing numbei of reports 
m the literature showmg that tiained diagnosticians have not 
been able to distmguish mental illness precipitated by a physio¬ 
logical disturbance from the mental illness for which no such 
cause can be discovered, and repoits as well showmg tliat the 
characteristic “functional” disturbance is accompanied, to a more 
than chance extent, by constitutional deviations. 

Typical neurotic or psychotic disoider may be found in brucel¬ 
losis (Hams, 1944), in. paneleatic disoidei (Romano and Coon, 
1942); in adrenal disorder (Allen and Biostei, 1945, Gieene, 
Paterson, and Pile, 1945), in pernicious anemia (Bowman, 1935, 
Ferraro, Arieti, and English, 1945), m rheumatic brain disease, 
foUowmg rheumatic fevei (Bruetsch, 1947), in hypochloiemia 
(Saphn, 1945), in vitamm-B deficiencies (Williams, Mason, and 
Smith, 1939, cited by JoUiffe; Jolliife, 1942, Matthews, 1938, 
Egaha et al, 1942; Spies, Aung, Gelpeiin, and Bean, 1938), 
Certain types of neuiosis are associated to a more than chance 
degiee with inherited vascular abnoimality (Plauptmann, 1946, 
Cobb, Cohen, and Badal, 1946). Dewan and Owen (1945) have 
reported twelve fiom a much larger number of cases of schizo- 
phienia, manic state, depression, psychoneuiosis, and so on, 
which were so representative of the usual picture of mental ill¬ 
ness that no physiological oi pathological source was even sus¬ 
pected; but the causes eventually were found to include brain 
tumor, diabetes, uremia, and so on m all cases, a majoi cause 
in the “organic” class 

It may be impossible to distinguish neurosis following head 
in]ury from other nemosis (Gillespie, 1944) It is common, as 
soon as some such “organic” cause is found, to reclassify the ill¬ 
ness, but such repoits as those cited make it impossible to con¬ 
sider that there is any real psychological discontmuity between 
organic and functional ills, as these terms aie commonly used 
This first point is made both on logical grounds and on the basis 



Mental Illness and Constitution 263 

of the actual clinical facts. It is further reinforced by the fac¬ 
tual evidence and discussion of Cobb (1944), Hoagland (1947), 
Landis (1947), and Beliak and Willson (1947) 

Secondly, these considerations make it possible that a con¬ 
tributing organic cause will be found foi all those cases that are 
now called purely functional The history of psychiatric knowl¬ 
edge shows one syndrome after another being removed from the 
functional class, as pathological and physiological knowledge has 
incieased There aie still gaps m our knowledge of the complex 
chain of events in the nutrition of the neural cell, and it is stdl 
possible that all well-defined cases of mental disorder will even¬ 
tually be found to depend, to a major extent, on a predisposing 
constitutional condition—hereditary or acquired 

Consider for example Kallmans woik, the mam results of 
which have been summaiized by Garrison (1947). Among other 
statistics aie the foUowmg. among the lelatives of patients with 
schizophienia, the mcidence of schizophienia for bi others and 
sisteis is 14 3 pel cent, for fraternal twins, with the same consti¬ 
tutional similarity as any brother or sister, 147 per cent, for iden¬ 
tical twins, 85 8 per cent, Foi stepbiothers and sisters, growing 
up m the same home, the figure is 1 8 pei cent There is no 
apparent way in which these data can be reconciled with the 
idea that mental illness is uni elated to heredity, that it is due 
alone to the way a child is bi ought up One can argue that two 
childien of different ages have different environments though 
they aie brought up m the same home An oldest child cer¬ 
tainly has a different social environment from that of a youngest 
child, and of couise any one child in a family may have some 
bad experience that another does not This might explain why 
an ordinaly sibling of the schizophrenic (born at a separate 
time) is less likely to have schizophienia than a twin. But—this 
difference, predicted by the envuonmentahst hypothesis, is not 
observed siblings and fraternal twins have the same frequency, 
exactly as would be expected on the genetic hypothesis And 
theie seems to be no way at all of accounting for the differ ence 
between the figures of 14 per cent for fraternal twins, and 85 per 
cent for identical twms As we shall see m the following chapter, 
the data from twin studies have not shown a great deal about 
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"experimental neuiosis ” I have suggested (Hebb, 1947) that 
we should be cautious in identitymg this witli a full-fledged 
nemosis in man, since the expeiimcntal neuiosis is appaiently 
specific to the situation in which it was established. But theie 
can be no doubt that this woik is veiy impoitant for the undei- 
standing of clinical neuiosis, showmg how anxiety (at the least) 
can be established in a way that would not otheiwise have been 
suspected, since no actual mjuiy or tin eat may be involved 
Anxiety is one source of mental illness, and Pavlov showed that 
this clnonic emotional disturbance can be cieated in some dogs 
much more readily than m otlieis appaiently, a constitutional 
difference between dogs (Gantt, 1938) But heie, again, there 
IS cooperation between constitution and expeiience, foi it takes 
a very special expeuence indeed to produce the emotional break¬ 
down in most animals, even when they are definitely susceptible 

THE PRESENT SIGNIFICANCE OF MENTAL HYGIENE 

The second point of our present ignoiance about mental ill¬ 
ness is the way in winch early experience may be related to a 
disorder at matmity The mental-hygiene conception was estab¬ 
lished some yeais ago, when it was possible to think of mental 
illness as simply a set of bad emotional habits. It seemed then 
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that if one could avoid such habits in childhood one could be 
sure of mental health at maturity, whatever the constitution one 
may have mhented, 

Now this may still be paitly tine, the unfoitunate fact, how- 
evei, is that we do not have any good basis for being suie how 
childien should be brought up, in cider to minimize then 
chances of getting into a state hospital. The necessaiy experi¬ 
ments have not been done What may be necessary to decide 
tlie question is to bung up some childien in one way, some in 
otheis, and see what leads to what One cannot asseit that too 
much coddling pioduces mental illness at matuiity, or that too 
little does Foi all we know, a lot oi spanking, oi unsympathetic 
paients, may only help to piepaie the child foi the trials of 
maturity It cannot be assumed that what produces emotional 
distuibance in the infant is bad—noi that it is good the long- 
teim effects may be the same as tlie shoit-teim, unrelated, or 
opposed One must make some decision when a piactical prob¬ 
lem has to be dealt with, and in these cucumstances the only 
thing to do IS make the best guess one can, but opinions should 
be presented as opinion, and not as scientifically established 
fact 

In such matters, our ignoiance is viitually complete and vitallv 
in need of being replaced by definite knowledge We do not 
know whether sexy comic books at tlie age of ten have any dele- 
teiious effect at twenty, we do not know that play with toy 
guns and soldiers makes a war-loving nation, we do not know 
that juvenile delinquency, associated with broken homes, is due 
to the home environment and not just as much to the inheiit- 
ance of the same emotional mstability that broke up the home 

It has sometimes seemed that answers to such questions might 
be found by anthiopological study, when different primitive 
peoples tieat their childien diffeiently, what are the effects at 
maturity? In one tube, foi example, the childien are tieated 
geneiously and the adults are found to be easy-going and 
fiiendly, m anothei, child tiainmg is harsh, and the adults aie 
found to be full of hostilities But, as Klmeberg (1940, p 434) 
has pointed out, one cannot smgle out cause and effect here, 
any more than m the case of the bioken home. Heredity, in 
the two tribes, may differ significantly, producing different adult 
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personalities, or some other vaiiable such as the history of the 
tribe may be the souice of the diffeiences—and the lepoited facts 
may mean only that emotionally stable people treat their chil¬ 
dren well* 

The mental-hygiene piogram first needs reseaich, then moie 
research, so that we can find out how to leai childien to make 
them as healthy as possible, emotionally, at matuiity. It is im¬ 
portant to apply what knowledge we have now as best we can, 
it is equally impoitant to remembei how mcomplete the knowl¬ 
edge is We are not now m a position to do more than apply 
the conceptions of one oi othei theory of mental illness, that 
becomes insuflBcient as soon as one tests it by facts I have 
already cited the cases of Alpha and Kambi, chimpanzees of the 
Yerkes colony, to show that, if early experience is a main cause 
of mental illness at matunty, we have no real mfoimation as to 
how it woiks, The theoiy that has been piesented here is much 
too vague, or general, to provide any useful guide in the prac¬ 
tical pioblems of child education, it may be useful, however, if 
it leads to moie of the obviously neccssaiy leseaich. 

FSYCHOSOMATICS AND PSYCHOTHERAPY 

The third and fouith points of ignorance that have been listed 
can be consideied togethei the questions are whether worry oi 
the like can pioduce bodily lesions, and whether psychothei apy 
can cure mental illness Though the questions may sound ridicu¬ 
lous, I think it may be of some value to considei them seiiously 
and ask oneself ]ust what factual evidence one could cite to jus¬ 
tify ones answers, 

Just wheie can one look for the specific evidence on which to 
base the psychosomatic thesis^ Cleaily, it is not enough to show 
that neurotic distuibance and pathological changes in the body 
go togetlier,f or even that when the fiist cleais up the second 

^ I e, reverse llie statements above ‘In one tribe the adults are easy¬ 
going, and so children are treated well, m anothei the adults are aggres¬ 
sive, and children are treated harshly’—as one might expect 

f Obviously, it lb also not enough to show that emotion is accompanied 
by transient somatic changes in noimal or psychopathic peisons The very 
important studies of Wolff (1943) and WoH and Wolft (1946), for example. 
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does dlso^unless the recovery is due to psychotherapy. If some 
metabolic disorder contributed to the neurosis, it may have de- 
termmed the pathological changes also Then mental and phys¬ 
ical difficulties would appear togethei, and disappear together 
If one could show that asthma, or stomach ulcers, or skin lesions 
could be cuied by talking to the patient—that is, by psycho¬ 
therapy-then we would have the desired proof But, as we 
shall see shortly, there aie great diflBculties in the way of show¬ 
ing that psychotherapy is effective (chiefly, the difficulty of 
showing tliat it produces moie cuies than are accounted for by 
spontaneous remission) Despite its general acceptance, m 
which I concui, the hypothesis that psychological factors affect 
the recoveiy of the body fiom any physical illness has not been 
established scientifically It may appear to the reader that it is 
not necessary to do so, but there must be much that should be 
found out about the psychological mfluence—m what conditions 
it opeiates best, what its limits aie, and so on, and these things 
Will never be discovered until we start examining oui assump¬ 
tions, and start the slow, ploddmg piocess of budding up a solid 
body of facts, separate from opinion, upon which the theoiy of 
treatment can be firmly established. 

Not all cases in which a “psychosomatic” lelationship is seen 
are ones in which the oiiginal tiouble was emotional The fol¬ 
lowing case of early astlima offered an exceptional oppoitumty 
for separatuig cause and effect. It is lare that one can have an 
effective control of asthma, and banish it or not, at wdl—but 
when this is possible, new light is cast on the disease. 

A child of twenty-one months developed acute, seveie attacks 
of asthma after having had a head cold some months eailiei and 
a peisistent nasal infection The attacks became less fiequent 
seveial months later, duiing the summei, but recuired with in- 
cieasing seventy and frequency as wmter set m Eventually it 

do not show that chronic gastric and cardiac lesions lesult from emotional 
disturbance alone, witliout contribution from a preceding physiological dis¬ 
order, although, if It IS assumed tliat ‘normal” emotion has such effects, 
these studies help to show us how the lesions are established It should be 
clear tliat what is discussed in the text is tlie question of scientific proof, 
not of reasonable behef Belief m the psychosomatic tliesis is reasonable, 
perhaps inevitable, but tlie very importance and value of tliat thesis require 
that its foundations be inspected and tested rigorously—and periodically 



268 Emotional Disturhances 

appeared that a luiining nose pieccded each attack, and it oc¬ 
curred to the physician in charge that a nasal infection might be 
the source of the alleigen. He found a heavy chronic bacillazy 
mfection, and recommended chemotheiapy The lesults were 
diamatic. The asthma disappeared completely, and a lemaik- 
able change took place in the child's behavioi During an attack, 
the child had been almost completely incapacitated, but between 
attacks, there had been no difficulty m bieathing and the child 
appeared quite noimal—except that she was always emotionally 
unstable, easily givmg way to teais and being lather haid to deal 
with Actually, this behavior had developed so gradually dur¬ 
ing the peiiod of illness, and was so constant, that the parents 
had not realized that there was any connection between the 
emotional picture and the inteimittent asthma Now the patient 
became a diflFeient child 

Two fuither obseivations made the inteipietation of those 
facts even clearei. It was expected that the allergic sensitivity 
would gradually disappear as the child grew older, so on two 
subsequent occasions when a nasal infection began the treatment 
was omitted at fiist, in the hope that asthma would not develop 
On each occasion the same sequence of events was observed 
The first symptom of disturbance was circulatory—the child's 
hands and feet became very cold. This was followed by the 
same emotional distuibance that had been chionic earlier, at 
least a day before the first symptoms of difficulty m bieathing, 
and finally, a definite asthma appealed This and the emotional 
changes were then promptly (in six to twelve hours) banished 
by chemotherapy Such a sequence of events can only mean 
that the allergen affected the vascular system fiist—the cold 
hands and feet were not due to lung congestion and decrease of 
oxygen in the blood stream On one of the two occasions on 
which tieatment was withheld, moreover, a placebo was used 
This served as a control of the effects of suggestion, showmg 
that it was in fact the action of the diug which, when it was 
actually used, produced the lecoveiy from asthma and the dis¬ 
appearance of whining, ciymg, and the need of continual atten¬ 
tion. Only one conclusion seems possible* that the allergen 
acted more or less directly on the vasculature, including the 
cerebral vasculatuie, or on the central nervous system, thus caus- 
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ing both emotional and physical symptoms Oidinarily, with 
multitudinous sensitivities and no possibility of such cleancut 
‘‘expelimental” manipulation of alleigens, cause and effect can¬ 
not be sepalated. The case desciibed might have been a typical 
psychosomatic picture: first emotional disturbance is evident, 
then physical symptoms follow So the first must cause the 
second But in this case such an mteipretation is not possible 
Because asthma and emotional distuibailees go together, oi 
even because an emotional distuibance can piecipitate an attack 
of asthma, it does not follow either that emotion caused the 
oiigmal difficulty, oi that psychotherapy can do more than alle¬ 
viate an illness that may have quite a different basis It is stdl 
possible that some cases of astlima, or some other boddy illness, 
are psychogenic and can be cured by psychotheiapy, but evi¬ 
dence of this has not yet been piovided in a form in which it 
can be evaluated. Future leseaich may well show that the 
causal lelationships in the case I have described are the excep¬ 
tion and not the rule (ic, may show that allergies aie usually 
psychogenic) But this leseaich has not yet been done 

It is implied thioughout this discussion that, if psychotheiapy 
can be shown to be an eftective treatment of asthma or mental 
illness, the aigument above would be levcised It seems gen- 
eially believed that the validity of psychoanalytic theoiy, for 
example, is well established by the fact that it has led to cuimg 
mental illnesses that would not otherwise have been cured 
If one looks foi the evidence, however, one cannot find it 
Theie is no meaning in the fact that a particular patient was 
psychoanalyzed, and recovered We do not know that he would 
not have recoveied without the treatment 

The point is clear when it is recalled how difficult it was to 
show that the insulm-shock method had any value Psychiatrists 
and physicians m general weie skeptical Why? Because some 
not-vcry-exactly-determmed proportion of psychotic patients re¬ 
cover without treatment—perhaps 30, 35, oi 40 per cent. The 
figure varies widely from one senes of patients to another, and 
it took five to ten yeais of work, by a large number of mvesti- 
gatois, to finally establish the fact that msulm therapy signifi¬ 
cantly increases the proportion of patients that recover from 
schizophrenia, A few patients recovering after lobotomy would 
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mean nothing. Freeman and Watts’ (1942) tzuimph was in being 
able to report not only 63 per cent good results in a long series 
o£ chionic cases of mental illness, but much higher percentages 
With ceitaui types of case. These figuies had an immediate 
meaning, smce the xeseaich on shock treatments had already 
made known what the spontaneous lecoveiy rate would be, 
rouglily, in such cases No such data, so far as I can discovei, 
have ever been provided as a test of any form of psychotherapy— 
that is, the fiequency of lecoveiy m an adequately chosen, un¬ 
treated control group is not available to compare with the fie¬ 
quency after psychotheiapy is applied, The one exception to 
this statement is the papei by Denkei (1946), and his conclu¬ 
sions do not show any special value m formal psychotherapy 
Denker s papei is based on admittedly unsatisfactory data, and 
obviously IS not a final answei to the question it has raised, yet 
it stands as a very nnpoitant papei, simply because it is the only 
one, appaiently, that has attempted an essential task 
The data repoited by Denker aie the lates of lecoveiy in a 
series of 500 patients with seveie incapacitating neuiotic dis- 
01 del, treated by geneial piactitioneis tluoughout the United 
States These patients weie all receiving disability payments 
fiom an insurance company—a fact that might delay lecoveiy, at 
least as compaied with the lecoveiy of patients who weie pay¬ 
ing foi treatment. At the end of five yeais, the lecoveiy late 
was 90 pel cent Denkei also reviewed the lepoited lecoveiy 
rates under moie specialized tieatment The average rate of 
recoveiy undei psychoanalysis is loughly 62 per cent, under psy- 
cliiatiic tieatment (which may have included psychoanalysis), 
roughly 70 pei cent. These rates are maikedly lower than that 
obtained by the general piactitioner However, if we assume 
that the results by specialized treatment aie for a shoitei period, 
peihaps two yeais, we find that the general piactitioner’s lesults 
are about the same, 72 per cent The conclusion is that lest, 
sedation when necessary, leassmance, and time aie what pio- 
duce lecoveiy from neuiotic disoider—when recoveiy occurs. 

Obviously, this conclusion is not final We do not know that 
the patients treated by psychoanalyst, psychiatiist, and geneial 
practitioner, in Denker’s analysis, were really comparable (how- 
evei, the one lespect in which it is ceitain that they weie not 
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compai able—the economic factor-is such as to stiengthen Den- 
ker s argument) Denker s conclusions may be quite wrong, but 
the leal point is that his are the only data * we have by which 
to evaluate psychotherapy. 

Such a result cues for research, if nothing else has induced the 
psychoanalyst to give us some contiol data, some evidence for 
the validity of his theoiy and treatment of mental illness, this 
should do so In the meantime, theie is no body of fact to show 
that psychotheiapy is valuable, there are no data to prove that 
psychotherapy can cure lesions of the gastrointestmal tiact, der¬ 
matitis, and so on, and none to prove that there is a class of 
"functional” mental illness that is produced by emotional dis¬ 
turbance alone and susceptible of cure only by talking to the 
patient oi allowing the patient to talk I think any psychologist 
(or physician) must believe that psychotherapy is impoitant, as 
an adjunct of other treatment, and even by itself, but if we are 
to increase its efficiency, we must learn more about it, and the 
fiist thmg to establish is the definite fact that it works at all 

SHOCK TREATMENT AND LOBOTOMY 

The final concern of this chaptei is a rationale for the shock 
and surgical treatments that revolutionized the field of psy¬ 
chiatry 

Lohotomy, a surgical operation that severs most of the con¬ 
nections between the frontal pole and the rest of the brain, and 

* An earlier discussion by Landis, however, based m part on tlie same 
data, has clearly led to the same conclusion and must be regarded as rein¬ 
forcing Denker’s conclusions (C Landis, A statistical evaluation of psy¬ 
chotherapeutic methods, in L E Hinsie, Concepts and problems of psycho¬ 
therapy, New York Columbia Univ Press, 1937, pp 155-169) Landis 
first determined the reported rate of recovery from psychoneurosis, apart 
from specialized metliods of treatment, as varying aiound a central figure 
of about 68 per cent Speakmg of anotlier such figure (for all mental ill¬ 
nesses), he went on to say that, altliough the figures given were not strictly 
speaking those for spontaneous remission, '‘still any therapeutic method must 
show an appreciably greater size than tins to be seriously considered” 
Finally, he reported a figure of 58 per cent for psychoanalytic treatment of 
the neuroses The inference, not made exphcit by Landis, is the same as 
Denker s 
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Emotional Disturbances 


electroshock treatment, in winch an electric ciuient passed 
thiough the skull induces a biief convulsion, both appear to 
work best with patients suffering from emotional depiessiou, and 
both frequently have the effect of banishing the depression In 
tiying to undei stand how a cuie is effected, the first question 
might be, What do such different piocedures have in common? 

The surgical treatment (Freeman and Watts, 1942, 1946) 
severs a large numbei of connecting fibers m the biam and 
leads to retrograde degeneration of a particular nucleus in the 
thalamus (the nucleus medialis dorsalis), A number of investi¬ 
gators have expressed the opinion that it is the loss of this tissue 
that decieases the strength of the patient’s emotion and allows 
him to recover But no such gross destruction of tissue results 
fiom the passage of the electric current through the head. Is 
tlieie any othei effect of the suigery that might pioduce emo¬ 
tional changes? 

A suggestion comes from the study of frontal lobe removals. 
A compaiatively common operation, piefiontal lobectomy, is 
usually done so that it severs the same connections that are 
severed in lobotomy—but severs all othei connections of the 
same aiea, and actually removes the tissue. In these operations, 
consequently, the medial dorsal nucleus of the thalamus must 
degenerate But the kind of emotional pictuie diawn by Free¬ 
man and Watts (1942), as lepiesenting the results of frontal 
lobotomy, is sometimes definitely not picsent (Nichols and Hunt, 
1940, Mixter, Tillotson, and Wies, 1941, Hebb and Penfield, 1940). 
On the basis of this fact it was suggested (Hebb, 1945ib) that 
the effect of lobotomy might be due not to a simple loss of some 
function resident in the frontal lobes but to a physiological dis¬ 
turbance set up m that area by an operation that cannot help 
but be scar-producing This would account for the fact, also, 
that the recovery from depression, in lobotomy, is reveisible— 
although the degeneration of the thalamo-frental connections 
and of the medial dorsal nucleus is not reversible 

A physiological distuibance in the cerebrum is usually de¬ 
tected in the elcctioencephalogiam, or EEG, by the presence 
of large potentials (hypeisynchiony) My proposal, theiefoie, 
amounted to this that in those patients that recover from de¬ 
pression following lobotomy the EEG will show a hypeisyn- 
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chrony, and that if relapse occurs the hypersynclnony will have 
disappeaied ox decreased Cohn (1945) has leported peisistent 
distiiibances in the EEC "m most subjects’' of Fieeman and 
Watts’ senes, and delta waves in ten out of fifteen in one gioup 
of patients examined four to six yeais after opeiation This is 
almost exactly the reported frequency (63 per cent) of chronic 
recovery fiom depression Unfortunately, I have not been able 
to discover whether those with “bad” EEC’s weie ones with 
good clinical results (le, lasting recovery), as my hypothesis 
would predict. 

However, a dnect confirmation of the hypothesis, up to a cer¬ 
tain point, has been provided by Hoagland, Malamud, Kaufman, 
and Pincus (1946) They report a lowered incidence of fast 
waves (14 per second oi fastei) in patients showmg remission 
fiom depiession following electroshock treatment, and tire return 
of fast waves at the time of relapse. This is duectly m the line 
with the hypothesis, although it may be a stram on the term 
“hypei synchrony” to say that it may appear in a statistical de¬ 
crease of fast waves, the change is actually in the same direction 
as if delta waves had been observed. 

If the hypothesis should be further confiimed, the effects of 
electroshock and lobotomy both could be understood on the fol¬ 
lowing basis It has been proposed heie that emotional disturb¬ 
ance consists of a disorganized firing of cerebral neuions The 
establishment of hypersynclnony, due to any cause, would pro¬ 
vide a pacemaker, as it were, that would tend to pick up any 
neuions that are not mcorporated in assembly activities and so 
substitute the "intiinsic” organization of cortical activity foi the 
diffuse organization of the normal adult waking state The 
presence of the hypersynclnony would tend to mterfeie with the 
assembly and to lower mtellectual competence at the same time 
that it decreases emotional disturbance. Further, tins would ac¬ 
count for the lowered pain sensitivity, and the value of lobotomy 
in cases of mtiactable pain (Watts and Fieeman, 1946) It will 
be recalled that pain was treated (in Chapter 8) as the equiva¬ 
lent of a local emotional disturbance, in the somesthetic system, 
and so can be regarded as being affected in the same way by 
a focus of hypersynchrony. 





The Growth and Decline 
of Intelligence 


This discussion began originally, m Chapter 1, with the puzzle 
of the high intelligence-test scoies that are sometimes found 
aftei a suigeon has destroyed a laige pait of the human biain 
A tentative explanation was suggested, that these scoies are due 
to a conceptual development which brain damage does not 
easily reveise The chapters that followed have tried to make 
tins intelligible physiologically (besides showmg what the im¬ 
plications are foi other pioblems) “Conceptual development,” 
“msight,” “thought,” and so on, have been given a physiological 
meaning, and a possible basis has been provided foi seeing how 
capacities could be retauied, once developed, despite biain in¬ 
jury which if it had occurred m infancy would have prevented 
the development This chapter returns to the original problem 
of the effects of bram operations on intelligence It presents 
an interpretation which fundamentally concerns the nature of 
intelligence, its normal development, and its later declme with 
old age 

This chapter will be concerned also with certam pioblems of 
method Clinical lesearch on intelligence has difficulties as a 
blackbeiiy-bush has thorns, and yet is an important souice of in¬ 
formation for the psychologist, and can be expected to become 
more important If the difficulties are to be surmounted, we 
must know what they are. These matters of method will be 
taken up first. 


IDENTIFYING INTELLECTUAL DETERIORATION 

We feel, most of us, that we can make a reasonably good esti¬ 
mate of another’s intellectual ability by conversation with him; 
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and we aie apt to feel^ too, that we have in general a fairly 
good idea of what sort of problem can be solved by the healthy, 
“aveiage,” ‘noxmar people in oui own communities Both con¬ 
victions are frequently misleading The fiist point on method 
IS that the detection of intellectual defect, following brain in¬ 
jury, requires the test procediue and (in some foim oi othei) 
the use of a control group 

Ordinairly, the person who is clear in conveisation, quick to 
understand what is said to him, and coherent in hrs reply, is 
''intelligent”: that is, conversational ability is con elated with 
other abilities, and is not a bad basis of piediction Bnt these 
correlations sometunes bieak down with pathological changes in 
the biam, and then the prediction may be false. Also, one is 
apt to judge capacity by the patient's alertness and manner, 
apart fiom what he says. The physician is familiar with de- 
terioiation in the foim of uniesponsiveness, apathy, slowness, or 
inconstancy of pmpose. Accordingly, when such signs are 
absent the physician may feel certain that intelligence is not 
impaued 

It is reasonably sure that this has been a major source of the 
disagieement about intellectual iinpairment in aphasia Because 
the aphasic always tries to respond, is fully attentive, and gives 
the mpwssion of being quite clear mentally, it is easy to con¬ 
clude that he has lost nothmg but the power of verbal recogni¬ 
tion and expression There are cases on record in which it has 
been 'proved” that aphasia does not aSect mtelligence, on the 
ground tliat the patient nodded and smiled when the physician 
greeted him, that he knew whether it was morning or afteinoon, 
01 that he was able to let an attendant know when he needed 
the bedpan 

Tests, on the other hand, show that the aphasic usually can¬ 
not fit blocks together to make a simple pattern, that he does not 
recognize absurdities in pictures, cannot make a simple diaw¬ 
ing—even though he clearly knows what he is to do In such 
peifoimances the aphasic is almost ceitain to be at a much lower 
level than a normal individual of the same backgiound and 
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original ability (Weisenburg and McBride, 1935, Hebb, 1942a). 
The aphasic patient is apt to have bouble in finding his way 
about, even in a familiar region, and to have tiouble in manipu¬ 
lating simple mechanical contiivances There is no sense in 
aiguing over teiminology, and each writer can define that 
equivocal term '*mtelligence” to suit himself (though one might 
expect some consistency m its subsequent use), but because the 
aphasic is alert, and peisistent in trying to discover what 2 and 
2 add up to, or to discovei what is missing m a picture of a dog 
with three legs, it does not follow that he has lost only the 
capacity for communication. There is also a change m what 
would usually be called intelligence 

To detect deteiiozation, one cannot depend on impression 
alone but must also use test methods, and this requires a noimal 
control group. It is most dangerous to assume knowledge of 
what the “aveiage” peison knows and can do Let me give 
some examples, based on data obtained in the standardization of 
some adult tests (Hebb, 1942&, Hebb and Morton, 1943) Some¬ 
where in the neighborhood of half the adult English-speaking 
population cannot complete the analogy foot is to ankle as hand 
IS to what? 01 under over^down * ^ (tliough almost everyone 
can do dog bark—cat ’ ?) About half the adult population 
think tliat p? iceless means “of no value”, neaily tlie same number 
aie unawaie that brunette refers to a daik complexion, and many 
think it a synonym for “blonde”—meaning, any lively young 
woman Figure 19 shows some simple problems—appaiently 
Simple—that cannot be solved by some fraction, between 10 and 
25 per cent, of the adult population (Hebb, 1945&) 

The subjects m these tests were able to earn a living and con¬ 
duct their own aflaus with ordinary prudence, and would not 
be classed as anythmg but noimal in the dime. If such a person 
happened to have a biain mjury, and the exammer did not know 
what othei persons of the same class would do with such tests, 
he would be bound to conclude that the brain injury was the 
reason foi the subject’s incompetence No matter how simple 
one’s tests may seem to be, the bram-injured patient’s perfoim- 
ance must be mterpieted in the light of the scores of a noimal 
control gioup The piofessional man’s idea of the aveiage mtel- 



278 The Growth and Decline of Intelligence 

ligence is colored by his preoccupation with the abstract and 
academic, and by the fact that his intimacy is mainly with others 
in the professional community whose pieoccupations, interests, 
and abilities are of tlie same kind as his own. 

How is a normal control group to be chosen? Despite some 
recent discussion making this an esoteric question, almost impos- 



Figure 19 Prol^lems from a performance test (top line) and attempted 
solutions (boUom bne) by a person not m any way classed as feebleminded, 
A pattein in cardboard was placed before die subject, and left theie while 
he tried to duplicate it, using two or moie identical wooden triangles 
Each of tlie hatched diagrams shows a subject’s placmg of the blocks in an 
attempt to duplicate tlie pattern immediately above (by B G, female, 30 
yeais of age, a 'normal control subject” convalescent after appendicitis) 
A fairly large proportion of the adult population will make such errors, and 
have difficulty in seeing how to change the x^lacing of the blocks when told 
that the solution is not coriect 


sible to understand, the desiderata aie comparatively simple. 
There might be no need of a control group if one could compare 
the patient’s scores after biam operation with his scores before 
anything was wiong with his brain, all one can get, howevei, is 
a pre- and post-operative comparison, which must be a diifeient 
matter The condition for winch he is being operated on must 
itself afiect his scores, and in fact the operation quite often 
causes a rise in score The purpose of the contiol gioup, then, is 
to let us know as far as possible what the biain-opeiated patient 
would have done if his biain had remained healthy and undam¬ 
aged. This tells us what to look for m a control group The 
object IS to find persons who aie like the patients being studied 
in every way that, as far as one knows, affects intelligence-test 
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scoies, except in the one lespect, that the noimal control subjects 
have undamaged biaans 

Now test scores are i elated to education, social background, 
and occupation—a concatenation that can be summarized as the 
factor of sophistication Scoies are also affected by age, rising 
to a peak in the teens and declining (foi almost all tests) after 
the twenties These aie the correlates of intelligence in normal 
persons, as far as they are known at present, i£ they aie con¬ 
trolled, one can estimate, by comparmg clinical and control 
groups, the degree and kind of impairment that lesults from 
brain damage, but if they are not controlled this is not possible 
It IS not possible to show that bram damage afiects intelligence, 
by the use of a control group that is made up of hospital em¬ 
ployees, 01 college students, oi cleiical workers, when the clin¬ 
ical group mcludes truckdnveis, farmeis, and unskilled laborers— 
persons who are apt to have been long away from cleiical work, 
with a lower average level of education. It is not possible to com¬ 
pare a man who went to high school ten years ago with a stu¬ 
dent now m high school If the clinical subjects aie older adults, 
oi less sophisticated, they are bound to have lower scores than 
the noimal subjects. 

These considerations are what should determine the nature of 
the noimal control gioup. One must then go farther, and use 
clinical controls, if one wishes to know not only that a certain 
kind of injury produces intellectual defects but also whether it 
produces moie defect than some other kmd of mjury If one 
wanted to show that frontal-lobe damage is more serious than 
damage elsewhere in the biam, one would use two groups, a 
fiontal-lobe group and a parietal, tempoial, occipital group But 
note this everything that was said above about making the 
noimal group equivalent to the clinical group is equally neces- 
saiy in the comparison of two clmical groups They must be 
the same in age, in sophistication, and, in addition, m the size 
and type of lesion. 

Halstead (1947) has criticized Rylander (1939) on the ground 
that his normal contiol group was not a clmical control group, 
and me (Hebb, 1945h) for being taken m by Rylander. Ac¬ 
tually, Rylandei's normal control group was an excellent one, the 
only good one that has been used in the study of the frontal 
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lobe His first object was to show that fiontal-lobe damage pro¬ 
duces intellectual defects, and he showed this cleaily. (Whether 
the defects aie greater than with paiietal lesions, or whethei 
they aie due to the suigical lesion or to an accompanying dys¬ 
function, would be another question ) Halstead's control data, 
both normal and clinical, do not meet the elementary lequiie- 
ments set foith above his normal group was youngei (the 
average was 26 years) than either of his clinical groups and 
had a high proportion of persons with clerical and academic 
sophistication. His parietal, temporal, occipital group (33 years) 
was younger than his fiontal-lobe group (40 years), the data 
supplied as to the relative extent of frontal and nonfiontal biam 
damage (duect or indirect) aie insuflBcient, and so too aie the 
data as to occupation or sophistication (the designation *liouse- 
wife” should be supplemented either by educational level or 
husbands occupation). 

Foi some reason, frontal-lobe patients in the clinic sometimes 
tend to be older than otheis and may have a larger total destimc- 
tion when the effects of pressure in the rest of the brain aie con¬ 
sidered. This may be because the fiist signs of a fiontal-lobe 
tumor are less specific than those of a tumor elsewheie, so the 
patient does not seek treatment as piomotly Frontal tumois 
tend also to produce bilateral damage of coiiesponding struc¬ 
tures, by pressure, more than other tumois do Consequently, 
it IS veiy difficult indeed to find cases in which there is, for 
example, comparable damage of one frontal and one temporal 
lobe, 01 of both frontal and both temporal lobes 

There is nothmg mysterious about the logic of the contiol- 
groLip method If one wants to estimate the pre-operative intel¬ 
ligence of a group of barbers with fiontal-lobe m]uiy, oi of high- 
school teachers, one would look for a group of barbers or high- 
school teachers of about the same age and education, and pref¬ 
erably from the same part of the country, smee occupational 
standards vary The trouble of course is that man is a suspi¬ 
cious, sensitive, and uncooperative animal who objects to having 
his mtelligence tested and is not usually mterested in helping a 
scientific investigation at such a price To obtain test data for 
a good sample of the general population, even if only a sample 
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of fifty or sixty subjects, is a very large undeitaking (Weisen- 
burg. Roe, and McBride, 1936) 

The pioblem of normal control data has been reviewed else¬ 
where (Hebb, 1945b) The conclusions arrived at can be stated 
again Only two studies have utilized an adequate normal con¬ 
trol gioup m psychological study of the effect of brain damage. 
Rylandei (1939) and Weisenburg and McBride (1935) These 
two consequently are of outstandmg importance (though they 
are defective in not havmg adequate anatomical data, and one 
cannot be quite suie that the defects were due to a simple loss 
of tissue) Rylandei’s noims, of couise, since they aie for 
another culture, aie not applicable directly to English-speaking 
patients, but Weisenburg, Roe, and McBride’s (1936) careful, 
though apparently httle-known, analysis of mtelligence in a lep- 
resentative gioup of adult English-speaking subjects still stands 
as the best basis for the study of mtellectual defect. With cau¬ 
tion, their data may still be used if one cannot undertake the 
tiemendous task of obtaining new normal-control data for each 
new study of brain damage 

Dr Moiton and I have also supplemented their test battery 
with some new tests designed especially for adult use (Hebb, 
1942b, Hebb and Morton, 1943) * Such norms, however, be¬ 
come less and less accuiate with the passage of time, and as 
more individual tests, of the homogeneous type, become avail¬ 
able it would be desirable foi someone to attempt a new stand¬ 
ardization of a battery of homogeneous tests, each one measur¬ 
ing a single kind of ability and so making it more possible to 
analyze the mtellectual changes that occur in cases of brain 
damage. 

ANATOMICAL AND PATHOLOGICAL DATA 

The second major aspect of the problem of method m such 
studies is the difficulty of gettmg satisfactory anatomical and 
physiological data In an anunal study, the only data one trusts 

* A recent lestandardization of one of tliese tests, m a short form that is 
more convenient for clmical use, has been done by W A Hunt, E G 
French, and I N Mensh An abbreviated form of tlie McGill Verbal 
Situation Test, J Clin Psychol, 1948, 4, 406-411 
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concerning the locus and extent of lesion are obtained by killing 
the annual and removing the biain foi anatomical study, Human 
patients, after brain operation, have a regiettable way of living 
on indefinitely—instead of liist making a good recoveiy, to permit 
thoiough testing, instructing their relatives to permit an autopsy, 
and then dymg of pneumonia 

So one IS obliged to make the best guess one can, instead of 
having exact data It is not possible at opeiation to know 
exactly what tissue is destroyed, particularly when the operation 
is foi a tumor which displaces the biam—as tumors must—and 
in displacing it is more than lilcely to pioduce a diffuse damage 
tliroughout paits that may be at some distance from the scene 
of opeiation In operations foi tumor, actually, one is piacti- 
cally always dealing with two kmds of lesion the clean surgical 
lesion that can often be accurately described, and the diffuse, 
iriegular lesions that result fiom piessuie and have no cleaicut 
boundary. Brain opeiations seemed to open a new eia in the 
study of the localization of function, as they became common 
about 1920 Why? Because the effect of pathological lesions is 
almost impossible to interpret One cannot say wheie the dif¬ 
fuse lesion begins and where it ends, attempting to interpret 
such data, between 1870 and 1920, had led to an endless series 
of arguments But this difficulty applies equally to inteipreting 
the effect of a biain operation plus a pathological lesion, so m 
most cases of tumor the fact that the biain has been operated on 
does not actually make the case suitable for the localization of 
function 

Such a point would mean little if the effect of the added 
pathological lesion weie slight But it has been discovered that 
a compaiatively small region of pathological change, produemg 
hypersynchiony, may have a much moie deteiiorating effect on 
behavior than a complete loss of the tissue concerned An idea 
of this sort was proposed by Jefferson (1937) and Stookey, 
Scarft, and Teitelbaum (1941) A dnect demonstration on the 
point has been provided in two cases in which the removal of 
frontal-lobe tissue, in an area of scaning, changed a marked 
deterioration mto behavior indislmguishable fiom the normal 
(Hebb and Penfield, 1940, Mixtei, Tillotson, and Wies* 1941), 

A region in which the blood supply is interfeied with, but not 
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entirely shut oft, usually shows some loss of cells and a numbei 
of remaining cells whose staining proper ties aie changed* This 
indicates a change in the chemical piopeities of the cell, which 
in turn implies a change m frequency piopeities and obviously 
may account for tlie existence of a hypersynchrony which intei- 
feres with the functioning of the cell-assembly. A focus of 
hypei synchrony must act as a pacemaker that tends to wean 
transmission units away from the assembly When hypei syn- 
clirony is not great, it would allow some assemblies to function 
(particulaily those that are long established p. 197) but would 
tend to mteifeie with recent memory, decrease responsiveness, 
and interfere with complex intellectual activities When it is 
more extensive, it would prevent all higher functions 

Hypcrsynchiony thus extends the mfluence of a pathological 
lesion beyond the borders of the lesion itself and may make it 
impossible to draw any conclusion about the localization of the 
functions that are affected after a frontal pole, for example, has 
been removed When one is uiteiested in an attempt at localiza¬ 
tion of function, the question must always be asked whether the 
sequelae of operation are due (1) to the surgical removal, (2) 
to peunanent damage in the remaining paits of the brain, (3) 
to the transient physiological disturbance that always occurs 
along the margms of the surgical lesion, that may take from one 
to six months to subside, and that, since it is reversible, has de¬ 
ceived more than one worker into thinking that recovery is an 
evidence of vicarious functioning, or (4) to a chronic physio¬ 
logical disturbance, from scar formation or from diffuse patho¬ 
logical lesions thioughout the rest of the brain. If a loss of func¬ 
tion IS due to the surgical lesion, tlie function depends on the 
tissue that was removed, if due to dysfunction, it depends on 
tissue that still remains All this makes the question of localiza¬ 
tion complex indeed. It explains why we are little farther for¬ 
ward m the localization of function, in the human biain, than 
Broca and Jackson were—the '‘experiments of nature” are poorly 
designed, and produce disturbance, as well as a simple loss, of 
function 

The EEG may be a relatively crude index of what is going 
on in the cerebrum, with no direct relation to the filing of the 
individual cell, but it is a practical mdex of the physiological 
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status of the different parts of the biain, and as such it has the 
greatest importance in any attempt to study localization of func¬ 
tion from a patient's behavior after recovery from brain opera¬ 
tion For such a purpose, elect! oencephalographic report is not 
merely desirable but essential With it, one has at least some 
chance of knowing when defects of behavior can be attributed 
to a surgical lesion and not to a pathological dysfunction 
instead. 

Animal experiments, anatomical studies, and studies in which 
the brain of the fully conscious human patient is stimulated 
electrically have clearly localized a number of sensoiy and motor 
areas But, because of the difficulties of method that have just 
been consideied, about the only localization of a highei function 
that has so far been achieved is that of the so-called speech aiea 
the middle regions of one hemisphere, usually the "‘dommant" 
one (the left hemisphere m a right-handed person), appear to 
have some sort of executive and oiganizmg lole that is essential 
to speech and some other higher functions No other localiza¬ 
tion of function in the human ceiebrum has been established 
I am awaie that this statement is not m accord with much of the 
literature, but ciitical evaluation of the evidence presented in 
suppoit of the various claims concerning localization peimits no 
othei conclusion, so far as I can see 

A papei by Klebanoff (1945), very useful as a review and bib¬ 
liography of most of the psychological work in this field up to 
1941, did not sufficiently consider the twin pioblems of normal 
control data, and anatomical and pathological data Failure to 
solve one or both of these problems tends to uivalidate the 
papers that try to prove that some higher function is resident in 
some particular part of the human cortex, in the work leviewed 
by Klebanoff If one considers the normal control data used in 
these studies, oi the anatomical data, with the same critical eye 
that would be turned at once on an animal experiment, one will 
find none of them justifying more than an opinion, a guess, con¬ 
cerning the relation of higher functions to the cerebrum. 

Even with regard to the speech area, it is none too clear either 
what the boundaries are, or that a limited suigical lesion in any 
part of the region will disturb speech Aphasia may be pro¬ 
duced only by a hypersynchrony whose focus is strategically 
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placed here, in a position to disturb function throughout the 
whole hemisphere We have no evidence on this, for the sur¬ 
geon naturally declines to touch this area if he can help domg 
so, if he must, he disturbs as little of it as possible. 

However, the case of left hemidecortication leported by Zol- 
lingei (1935) shows that a clean suigical extirpation can pro¬ 
duce aphasia Again, anterior lesions in the speech area may 
produce more difficulty in speaking and writing, posterioi lesions 
moie difficulty in undeistandmg speech and prmted niattei, but 
no real anatomical evidence to this effect seems to exist, and 
Weisenburg and McBride's (1935) cautious distinction between 
a piedominantly expressive and a predommantly leceptive 
aphasia should not be extended into a sharp dichotomy of 
"motoi” and ‘"sensory” aphasias, since it seems highly likely that 
both aspects of the disoidei aie always present 

A number of clinical writers have disagreed with this conclu¬ 
sion, arrived at by Weisenbuig and McBiide, Head, and others; 
but they seem never to have established satisfactoiy evidence. 
An impoitant paper by Kennedy and Wolf (1936), foi example, 
reports a “pure alexia” and a pure motor aphasia, with no other 
involvement. But the case reports are typically mcomplete to 
show that alexia is aphasic, it should be shown that tlieie is suffi¬ 
cient acuity foi reading, and that the perception of otlier (non- 
symbolic) visual patterns is undisturbed—else one has simply a 
loss of vision or a visual agnosia In the second case of motor 
“aphasia,” what is reported by Kennedy and Wolf is a loss of 
the capacity foi drawing, with no disturbance of anythmg re¬ 
lated to speech a rare and valuable obseivation, but not appar¬ 
ently relevant to the question of aphasia Again, Kennedy and 
Wolf have provided no details of sensory and motoi tests, and 
these details must be given if it is to be shown that such a thmg 
as a pure alexia or agraphia can exist Neithei, certainly, has 
yet been shown to result from damage to any limited part of the 
speech area It is haidly likely that they will be, such concep¬ 
tions arise from an older type of theory, no longei entertained 
in psychological thought, and it is highly probable that such 
questions (concerning what peculiar contribution each part of 
the cortex makes to behavior) will lemam unanswered until we 
can find out how to ask better questions. 
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Theie have been a gieat many interesting and important ob¬ 
servations showing a lelation of complex functions to the panetal 
and tempoial lobes in man, but in all the lepoited cases, of 
vaiious agnosias, distuibances of the body image, and so on, 
theie IS presumptive evidence of the presence of pathological 
dysfunction as well as of a simple loss of tissue, and we aie not 
yet in a position to inteipret such data as far as the localization 
of function is concerned Von Monakow wrote that he did not 
know of a single case m which a puiely traumatic lesion m the 
occipital lobes of an otheiwise sound brain had resulted m a 
persistent visual agnosia This, implying that agnosia is an 
effect of dysfunction and not of an uncomplicated loss of cells, 
is diiectly m Ime with the piesent discussion (though it should 
be noted that a traumatic lesion, accompanied by scar formation, 
may also produce clnonic dysfunction) There is little that can 
be definitely concluded at present concerning localization of the 
functions disturbed in agnosia, and so on, until the disturbance 
IS found to be pioduced by a clean suigical lesion, unaccom¬ 
panied by delta waves in the EEG. 

Only one thing need be added* although the fionlal lobe is 
the favorite place in which to localize highei functions when one 
is speculating about these matters, it is still true that theie is no 
pi oof that any single higher function depends on this part of the 
brain (Hebb, 1945Z?) At least as good a case might be made 
out foi the parietal and temporal lobes as the seat of mans 
distinctive psychological chaiacteiistics—if these in fact depend 
on one part of the biain moie than another (see, foi example, 
Kubitschek, 1928, Keschner, Bendei, and Stiauss, 1938) 

Because of the enoimous amount of space that has been de¬ 
voted to the efl:oit to show that the prefiontal lobe is the seat 
and habitation of some highei function or other (theie aie few 
mental piocesses that have not been asciibed to it), the basis of 
these negative conclusions must be made more detailed Domg 
so will also illustiate othei points dealt with in the pieccdmg 
pages and make them more specific. 

* Peisonal communication from Di K S Lashley My interpretation of 
tins observation is based on the fact that a traumatic lesion is less likely to 
produce chronic dysfunction than a tumor or abscess 
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The first and most effective piece of evidence is the histoiy of 
a patient both of whose piefiontal lobes weie lemoved by Di 
Wilder Penfield, with results that radically changed the possi¬ 
bilities of surgical therapy in the fiontal area Befoie this time, 
it was univei sally accepted that loss of both frontal poles must 
be followed by gross deterioration of personality and mtellect 
Dr Penfields patient completely reversed the prediction, by 
being psychotic before operation (when the damage was rela¬ 
tively small) and quite indistmguishable from a normal person 
afteiwaid (when the total destruction was incieased in size— 
with the simultaneous removal of a source of physiological dis- 
tuibance) 

The history is that of a boy of sixteen whose skull was fiac- 
tured, with damage to both fiontal lobes, and who m the fol¬ 
lowing ten years developed severe epilepsy and became (much 
of the time) an iriesponsible and rather dangerous charge The 
condition varied, not only with the occurrence of attacks but also 
between attacks—apparently owing to subchnical seizures* the 
IQ, on the basis of an uncompleted testing on one day, was esti¬ 
mated to be below 70, next day a completed test gave an IQ of 
84 After opeiation, the IQ was consistently close to 96, no evi¬ 
dence of intellectual loss could be found m any one test or in 
the pattern of test scores as a whole, and the psychotic behavior 
completely disappeared* Clinically and socially he was ' normar’ 
and was able to take full control of his own affairs on the last 
exammation he had been doing so foi moie than five yeais He 
enlisted m the army and seived satisfactorily overseas for ten 
months until he had another fit—at which time the medical of¬ 
ficers caught up with him and he was discharged. In his sub¬ 
sequent behavior it is possible that there weie deficiencies in 
planning for the distant futuie, but it is certain that he had more 
mitiative and planned foresight than many persons with frontal 
lobes intact 

There must of course have been some loss of function m this 
patient Logically, it seems impossible to suppose that behavior 
can be unchanged after bilateial loss of any area of the brain 
My conclusion is not that the fiontal lobes have no function, but 
either (1) that we have not yet guessed at the leal nature of 
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this function—have not asked the proper questions in such inves¬ 
tigations, 01 (2) that once the development of behavior has been 
completed the prefrontal lobes have no great further importance 
Surely it is the first of these, 1, that is the answer, not 2, but 
there is nothing in the evidence at present that justifies the idea 
that the frontal lobes have some special i elation to higher func¬ 
tions in human behavior. 

This geneial conclusion does not actually icst on the one case 
that I have described but can also be established independently. 
The evidence that has been supposed to show the impoitance of 
the frontal lobes does not withstand scrutiny (it has been re¬ 
viewed in detail elsewheie—Hebb, 1945b) What the Penfield 
case did was, fiist, to demonstiate conclusively that an aiea in 
which there is dysfunction (the area of scan mg that produced 
both epilepsy and deterioration of behavior) can be fai more 
deteriorating than complete removal of the aiea, and, second, it 
raised the question, How aic we to account for the astonishing 
difference between this case and other, apparently similai, cases, 
m which, however, profound deteiioration remained after sur¬ 
gical opeiation on the frontal lobes? 

Examination of the other case reports at once showed strong 
reason to believe that the deteuoiation they described was due 
to dysfunction, or diffuse destruction in the rest of the biain re¬ 
sulting from the earlier piessure of a tumor, oi both It thus 
appeared that the behavior changes weie not due to the sur¬ 
gical injury, and therefore that such cases are not suitable for 
studying the localization of function. The extent of the total 
lesion in each case was not known, and the loss of tissue was 
complicated by additional factors. Dysfunction is to be expected 
also in frontal lobotomy (p 272), and so cases of lobotomy also 
aie not a source of interpietable data for the localization of func¬ 
tion, especially since we do not know at all what the effect 
would be of a similar bilateial incision in othei regions of the 
bram. 

This line of argument then obtained confiimation from the re¬ 
ports of bilateral piefiontal lobectomy by Mixtei, Tillotson, and 
Wies (1941) and Heath and Pool (1948) Equally important, 
it now appears that monkey or chimpanzee may lose both frontal 
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poles without evident impairment^ though earlier woik seemed 
to have established the contraiy 

We have at present, then, no reason to think that a clean sur¬ 
gical lemoval of both frontal association aieas is necessarily fol¬ 
lowed by observable, clmically evident defects of behavior, nor 
have we as yet any leal undeistandmg of the functions of this 
pait of the biain 

DIFFERENCES BETWEEN EARLY AND LATE 
BRAIN INJURY 

The study of bram operations in human patients has not so 
far piovided the data that would allow one to be very definite 
about the way in which higher functions are related to special 
paits of the cercbial coitex, but it has raised one problem that 
gives us a valuable lead concerning the nature of mtelligence 
The problem has been referred to already—it arises from the dis¬ 
covery that an IQ of 160 or higher is possible after the removal 
of one piefiontal lobe (Hebb, 1939) or an IQ of 115 after hemi- 
decoitication (Rowe, 1937), and from the frequency with which 
above-average scores are reported after cortical injury in any 
except the speech area It appears possible, howevei, that 
similar damage to the mfant bram has a much greater effect on 
the subsequent IQ This possibility suggests a clue to the natuie 
of adult intelligence and suggests a distinction between two 
quite different meanmgs of the term * mtelligence”—a distinction 
that may help to resolve cuiient theoretical disagreements. 

The average IQ after biain operation, in all cases in which an 
IQ was reported up to the end of 1941, was 108—at least 8 points 
above the normal adult average, which is probably well below 
100 according to the U S Army data of 1917 and Weisenburg, 
Roe, and McBride’s (1936) data When brain damage is trau¬ 
matic or pathological, mstead of surgical, there are also frequent 
mdications that on certain kinds of test (on which the Stanford 
Binet IQ is mainly based) the patient’s scoie is not much lower 
than it would have been had the biain damage not occurred 
These data are given m more detail elsewheie (Hebb, 1942a), 

^ See T Spaet and H F Harlow, 7 Exp Psychol., 1943, 32, 424-434, 
R A Blum, Amer Psychol , 1948, 3, 237-238 
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But in practically all such cases the use of other tests shows that 
thexe IS a definite intellectual loss. That is, some tests such as 
the Stanford Binet show little sign of a loss of intelligence, others 
show much greatei loss Theie aie then two kinds of test mate¬ 
rial, 01 two extremes in test content that shade into one another, 
The same picture appears when oldei adult subjects aie exam¬ 
ined' some (Binet type) tests show no deteiioiation due to 
advancing age, otheis show a maiked deteiioiation, and most 
tests fall somewhere between the two extremes (Jones and 
Conrad, 1933, Wechslei, 1939) 

The Binet IQ is determined by the use of a composite test, 
and it amounts to an average level of performance in a miscel¬ 
lany of tasks It is mainly veibal, however, and mainly involves 
a kind of problem to which the answer is lathei obvious, to the 
subject who can solve it at all Tests of intelligence may also 
consist of nonveibal tasks, and puzzle-like tasks—ones that re¬ 
quire an effort and have to be woiked out logically Analysis of 
tire test scores made after biam operation, when aphasia is not 
present, indicates that it is the first of these two kinds of task 
that is little affected by biain damage, the second that is much 
affected (Weisenbuig and McBiide, 1935, Rylander, 1939, Hebb, 
1942fl). The IQ shows little effect of brain damage outside the 
speech aieas because it is mainly based on “Binet type” tasks. 
These consist paiticulaily of tests of vocabulaiy, information, 
digit repetition, digits backward, understanding of the meaning 
of fables oi proverbs, and certain problems of a familiar kind, 
dependent usually on common sense (in the form of a cultural 
sophistication) 

Now, for normal peisons, vocabulaiy and information tests 
aie among the most valid tests of mtelligence, and the Binet- 
type test in general is what best predicts the subject's level of 
problem-solving outside the laboratory or clinic, in a wide range 
of situations. This is what presents us with oui pioblem how 
can they also be the ones that show the least effect of biain 
operation, and the degenerative changes of senescence? 

But we must consider at once a further fact that in certain 
essential respects^ ''intelligence' does not deciease after the age 
of twenty or thiHy, and the brain-operated patient very fre¬ 
quently demonstrates an unimpaired level of functioning in hts 
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daily occupations. The patient with an IQ of 160 after pie- 
fiontal lobectomy (Hebb, 1939) graduated with honors in his 
arts couise and went on to do well in medical school, the pa¬ 
tients with half the cortex removed (Dandy, 1933, Rowe, 1937, 
Kainosh and Gaidnei, 1941) clearly did not act in any respect 
like the feebleminded^ in their daily affairs* Certain intellectual 
capacities are well retained by the patient, m some respects, the 
prediction made by the Binet-type test is valid The puzzle is 
not why the Binet suddenly loses its diagnostic value, after bram 
mjury but why an important part of intelligence is little affected 
by the m]ury The fact that it is not, at once suggests that this 
part of mtelligence is not directly con elated with the mtegnty 
of the brain, and, since the problems in which “mtelligence” is 
unimpaiied aie in general those with which the patient is fa¬ 
miliar, a further suggestion is that part of intelligence is a 
product of experience 

An idea of this soit led to the examination of the effects of 
eaily brain injury (with the help of Dr Heinz Werner), the re¬ 
sults, m short, indicated that any damage to the infant brain 
would affect latei peifoimance on vocabulary tests, mformation, 
and the like at least as much as peifoimance on other tests 
(Hebb, 1942a) The situation apparently is this Unless every 
known case of large damage to the infant coitex is a case of 
speech-area damage (a most improbable situation), destruction 
of tissue outside the speech areas will prevent the development 
of verbal abilities, but the same destruction may not greatly 
affect these abilities once development has occuiied 

The evidence for this mterpretation is not perfect, but it is 
rather strong The one flaw appears to be the possibility that 
the known cortical-type birtli-mjury population is made up pre¬ 
dominantly or entirely of patients with speech-area lesions It 
is conceivable that when palsy is not present only speech-area 
cases are detected—that all the “exogenous” cases of mental de¬ 
ficiency (Werner and Strauss, 1989) are discovered because of 
damage to this particular cortical area alone* But agamst this 
possibility IS the fact that cases of palsy, presumably detected 
because of it, also have the low verbal test scores chaiacteristic 
of other birth-injury cases The twelve cases reported by Doll, 
Phelps, and Melcher (1932) showed marked vocabulary letarda- 
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tion. The low vocabulaiy score of the birth-injured is not due 
to deficient oppoituiiity to learn the meaning of woids (Hebb, 
1942a)—a conclusion suppoited by the almost identical retarda¬ 
tions of vocabulary and digit-iepetition scores reported by Doll, 
Phelps, and Melchen Fuithei, Doll (1933) reported that there 
IS no correlation of speech defect and IQ in the buth-mjuied 
It appears, theiefore, that an eaily injury may prevent the de¬ 
velopment of some intellectual capacities that an equally exten¬ 
sive mjuiy, at maturity, would not have destroyed To complete 
the picture, it should be said again that this relationship does 
not hold—at least not to the same degree—for all intellectual 
capacities, and sensory and motor cax^acitics after damage to the 
infant brain tend to reach a higher level than that attained after 
destruction of the same regions at maturity 
How are we to understand the fiist type of cax-racity m the 
adult, the one that is not gieatly affected by hi am damage at 
matuiity? Psychologically, the matter might be put tins way. 
The actual modifications of behavioi that occur in intellectual 
development are fiom one pomt of view qualitative faced with 
a complex situation, the more intelligent subject sees it in a dif¬ 
ferent way, and makes a diffeient response—not more responses, 
01 responses that take more effoil The chief intellectual effort, 
in such behavioi, is demanded on the first occasion on which the 
new way of seeing the situation occuis Learning to solve a 
pioblem usually demands moie effort than solving othei prob¬ 
lems of the same kind on latei occasions when one has discov¬ 
ered the piinciple involved The same is often true of percep¬ 
tion, whether one is solvmg a formal pioblem or not, once one 
has seen a ceitain relationship in a picture, oi heard it m music, 
it may take no effoit to find it agam in similar pictures oi music 
This perception of relationships is essential in pioblem-solving, 
and one would steadily accumulate an increasing stock of such 
ways of seeing and attacking problem situations, as age ad¬ 
vances, so, m a familial field, the fifty-year-old may be definitely 
more “intelligent” (as defined by the problems he can solve) 
than a twenty-yeai-old. At the same lime, the pioblem that 
requires a radically new approach, new ways of ^Jciceiving, is 
not likely to be solved by the older man with his shrunken biain 
The diffeience in the demands that aie made by diffeient pio- 
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fessions, or different fields of investigation, would account for 
the fact that some fields are chaiacteristically tlie domain of 
young men, otheis of the middle-aged. We cannot simply gen¬ 
eralize, and say that intellectual capacity, objectively defined, 
decreases from the age of twenty-five onward. Some capacities 
do, otheis do not, 

Physiologically, the mattei may be put as follows some types 
of behavioi that require a large amount of bram tissue for their 
first establishment can then persist when the amount of available 
tissue has been decreased This of course is consistent with the 
theory of cell-assemblies that has been presented in this mono¬ 
graph It has been postulated that, with the enlargement of 
synaptic knobs, the number of fibers necessaiy for tiansmission 
at the synapse decreases (p 66), In tlie fiist establishment of 
an assembly, then, more fibers are necessary than for its later 
functioning. 

Also, it has been said that there is a possibility of “short- 
circuitmg’' in the phase sequence (p, 228) so that, after a phase 
sequence has been well established, some assemblies may no 
longer be necessaiy to it. If brain injury occurs in a limited 
region of the brain, it would presumably remove a small number 
of tiansmission paths from each of a very large number of as¬ 
semblies These assemblies might still function, though they 
would have smaller safety margins (p 197) and theiefoie would 
function less reliably In other assemblies, tlie loss might be 
great enough to prevent any functionmg, but a phase sequence 
in which some of these assemblies were originally essential might 
later shoit-circuit them, and pioduce the same ultimate msight 
or understandmg of the situation, though some of the steps of 
mference would have been omitted 

Visual stimulation may have been involved in the foimation 
of some concept, and yet not be necessary to its later aiousal 
(p 128), Thus the congenitally blind would be incapable of 
insights and undeistandmg possessed by those who have become 
blind after havmg had vision. In the same way, an area-18 
lesion might prevent certam “visual” assemblies from function¬ 
mg These may have been originally necessaiy, as a connecting 
link, in the establislunent of connections between other assem¬ 
blies, constituting a paiticulai conceptual activity, but once the 
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connections are established, the connecting link may not be 
needed any longer The same aiea-18 lesion m infancy thus 
might prevent a conceptual development but not destroy rt at 
maturrty. 

THE TWO MEANINGS OF “INTELLIGENCE” 

The clmrcal evrdence has rndicated, m effect, that there are 
two components m mtelligence-test performance and in any m- 
telhgent behavror One rs duninrshed immedrately by damage 
to the bram, and amounts to a factor of heiedrty, one is related 
more to experience, consistmg of permanent changes in tire or¬ 
ganization of pathways in the cerebrum (in the present theory, 
these changes are the establishment first of assemblies of cells, 
and secondly of interfacilitation between assemblies) The 
hereditary factor is essentially the capacity for elaborating per¬ 
ceptions and conceptual activities, the experiential factor is the 
degree to winch such elaboration has occuned (and particularly, 
when we speak of mtelligence, the conceptual elaboration that 
is not specific to one occupation or situation, but that enters mto 
many human activities, concepts of number, of causal relations, 
of common human behavior, and so on). 

Fiom this point of view it appeals that the word “mtelligence” 
has two valuable meanings One is (A) an innate potential, the 
capacity for development, a fully innate pioperty that amounts 
to the possession of a good bram and a good neural metabolism. 
The second is (B) the functionmg of a brain m which develop¬ 
ment has gone on, determmmg an average level of perform¬ 
ance or comprehension by the partly grown or mature person. 
Neither, of course, is observed duectly, but intelligence B, a 
hypothetical level of development m brain function, is a much 
more direct mference from behavior than intelligence A, the 
original potential (I emphasize that these are not two parallel 
kinds of mtelligence, coexistent, but two different meanings of 
“mtelligence.”) It is true that estimatmg intelligence B requires 
a summation of observations of behavior m many different situa¬ 
tions, at difierent tunes, however, if we assume that such an esti¬ 
mate IS possible, what we actually know about an mtelligence- 
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test score is that it is piimaiily related to intelligence B rather 
than intelligence A The relationship to A is less dnect. 

Most of the disagreement in recent years over the nature of 
intelligence concerns the i elation of A, mnate potential, to B, 
the estimated level of functioning at maturity. If A determines 
B fully, intelligence is a matter of heredity and maturation 
only, the IQ is not dependent on experience. But if intelligence 
A IS only one of the conditions of intelligence B, not the sole 
deteimmant, what then? Intelligence A is still hereditaiy, and 
it would not be true to say that “mtelhgence” (without qualifi¬ 
cation) IS influenced by experience only mtelhgence B is so 
affected. 

The dispute m the current literature has arisen, I believe, 
partly because of the double reference of the term "'intelligence” 
and partly because it has not been realized that if the effects of 
early experience are more or less generalized and permanent 
one can concede a majoi effect of expeiience on the IQ, and still 
leave the IQ its constancy and validity as an mdex of future 
performance 

An innate potential for development is not logically a guar¬ 
antee that the development will occur There is in fact an over- 
whelmmg body of evidence to show that experience is essential 
to the development (the oiigmal potentiality is of course equally 
essential) Bmet himself assumed the necessity of adequate ex¬ 
peiience in the subject to be examined by his method, the con¬ 
tent of mtelhgence tests still makes this a necessary precondi¬ 
tion, and all psychologists recognize that one cannot compare 
the innate mtelligence of subjects from two different cultures 
experience affects then IQ's to an unknown degree. Why then 
should we object to the idea that enrichmg an madequate envi¬ 
ronment will raise the IQ, as Stoddard and Wellman (1940) and 
others have urged? 

Some of the objection, certainly, may be occasioned by a 
faulty use of evidence and be due to the impression that the case 
for an environmental influence on the IQ has been overstated. 
But the roots of the objection, I believe, are to be found in cer- 
tam ideas about the nature of learning. It is apt to be assumed 
that learning is more oi less specific to particulai situations, that 
what IS learned can always be forgotten, or that if something 
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can be learned m infancy it can also be learned at maturity. 
Assuming the truth of such propositions, one might then thmk 
as follows' 

‘If the IQ has any great dependence on learning it must fluc¬ 
tuate easily, it might be raised fiom 100 to 150 m the adult, or 
might fall from 100 to 70 if a child is lemoved from school and 
other stimulating influences But the IQ does not ui fact be¬ 
have so—theiefore leaniing does not contiibute to it It must be 
hereditaiy, because it is so stable.” 

However, there aie definite limits to the “constancy” of the 
IQ, and most of the facts that seem to show that it is heiedi- 
tarily deteimined would be accounted for if we assume that 
heredity only sets a limit to the IQ, and assume also that early 
learning tends to be permanent, that it has generalized transfer 
efiects, and that it is not specific to particular situations That 
eaily leainmg has such piopeities has already been suggested, 
in the first part of Chapter 6 I wish now to lepoit some pie- 
liminaiy experiments with the rat, which seem to show that some 
aspects of this animaFs mtclligence at maturity are a function 
of his early experience. If this piinciple can be established by 
means of animal experiment, we can then see how it would be 
applied lo the known facts of human intelligence and intelli¬ 
gence-test peifoimance. 

EXPERIMENT INFANT EXPERIENCE AND ADULT 
PROBLEM-SOLVING 

When we test human intelligence, we always assume that the 
subject has had a ceitam body of expeiience common to all 
“normal” children m the community, the experience whose lack 
may invalidate comparison of the mnate potential of subjects 
from difleient communities Apart entiiely fiom contioveisy 
about the effect of special experiences on the IQ, we aie all 
agreed, in this sense, on the effect of a ceitain kind of experience 
(which is not, howevei, well defined) 

One purpose of the experimental woik briefly desciibed heie 
was to find out moie about how the ordinary cxpeiience of in¬ 
fancy affects mature behavior It was not certain that such 
effects could be found m rat behavior, even if they exist foi man, 
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but if one could find some trace of them in rat behavioi their 
nature could be investigated much more easily m a species that 
leaches maturity in tlnee months than in one that takes fifteen 
yeais Also, the clinical evidence reviewed in this chapter has 
indicated that the effect of early expeiience is not found equally 
m all foims of behavior Accordingly, these were exploiatoiy 
experiments, with the mam object of establishing the existence 
of some lastmg effect of eaily experience on the latei pioblem- 
solvmg of the rat The first explorations gave wholly negative 
results, but they have die value of showing that some behavior 
IS not affected by early experience, diat is, they serve to delimit 
the effect 

In the first pait of the study, one group of 7 animals weie 
blinded in mfancy, and a group of 7 littermates were blinded at 
maturity Both gioups weie handled frequently, and weie al¬ 
lowed daily to run outside their cages in a large space m which 
there were a number of objects The question asked was this. 
Would the group with vision durmg growth leaiii something 
about finding their way around that they would retain after 
bemg blmded at maturity? Would this affect dieir behavior 
permanently, m other situations than those in which their visual 
experience occurred? 

At the age of five months—two months after the second group 
were blinded—the rats weie tiamed to find food in one of four 
containeis in an open field Two hundred trials weie given, and 
the teaming was not complete foi most of the animals in this 
time—so this presumably is to be classed as lote learning lather 
than insightful A second peiiod of trainmg in a similar task 
also appealed to give lote learning, and in neitlier could any sig¬ 
nificant difference be found between the two groups, early- and 
late-blmded. 

At this pomt, however, a chance obseivation suggested the 
possibility that an "mtelligence test” for the rat (Hebb and Wil¬ 
liams, 1946) might reveal differences between the groups. Al¬ 
though the test had been meant for normal animals, it might 
work with the blmd as well 

The test showed a clear difference between the gioups By 
this time the expeiiment was being done with only 3 late-blmded 
animals and 4 early-blinded, a small number for statistical sig- 
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nificance. However, theie was no oveilap of scoies m the two 
groups—all 3 late-blinded were bettei than all 4 early-blinded, 
which IS certamly significant.^ 

Before repeating and confirming this result, it appeared profit¬ 
able to explore further The effect of vision during develop¬ 
ment, on the behavior of lats after being blinded at maturity, 
was great, would other variations of experience also have effects 
that could be detected by this—apparently sensitive—method of 
testmg? The obvious experiment was to compare rats reaied m 
ordinary small cages with others that had had the run of a wider 
environment Two litters were taken home to be reaied as pets,f 
a first gioup of 3 (after 1 mortality at home) and a second 
group of 4. They were out of their cages a good deal of the 
time and running about the house While this was being done, 
25 cage-ieaied lats from the same colony weie tested 

When the pet group weie tested, all 7 scored in the top third 
of the total distribution for cage-ieared and pets. More im¬ 
portant still, the pets unproved theu lelative standing m the last 

10 days of testmg, following 10 days of pieliminaiy tiaining, and 

11 days of testmg (a total of 21 tests was used) One explana¬ 
tion of the better scores of the pets is ]ust that they weie tamei, 
more used to handling, and less distuibed by testing. But, if 
this were so, the longer the cage-ieaied animals weie worked 
with the closer they would come to the pet group, as the cage- 
reaied became tamer with prolonged handling On the contrary, 
the pets improved more than the cage-ieaied This means that 
the ncher experience of the pet group dining development made 

* The expel imentb described in this sec bon are now being repeated and 
earned further by B Hymovitch and II Lansdell, and will be reported m 
detail later The method has been consideiably improved since the first 
report of Hebb and Williams, it will be described in detail in a separate 
publication The essential features of the method are (1) 10 to 14 days' 
preliminary training gets tlie animal used to handling, to the lest situation, 
and to daily changes in the route he must take to food, and teaches him 
where tire food is to be found (its position is constant throughout), (2) 
the test itself is a senes of 20 to 24 separate problems, each relatively easy 
for the seeing rat, he is given between 6 and 10 trials with> each, and his 
score IS the total numbei of entiies into error zones (see figure 17, p 137) 

f Grateful acknowledgments are due to the Misses Jane and Ellen Hebb, 
ages seven and five, for theu enthusiastic assistance m the investigation 
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them better able to profit by new experiences at maturity—one 
of the chaiacteiistics of the “intelligent” human being Further- 
more, a measiue of motivation and tameness in the cage-reared 
was available, and the con elation of tins with the test scoie was 
negligible (0 13 i 0 19) 

These results show a permanent effect of early expeiience on 
pioblem-solvmg at inatuiity. “permanent,” because, in the first 
experiment with eaily- and late-blinded, visual experience that 
ended at three months of age had marked effects at eight months 
of age (a long period m the life of a rat), and because, in the 
second expeiiment, the pet group improved its standing com¬ 
pared to the others as expeiience incieased Differences of 
early experience can produce differences in adult problem¬ 
solving that further experience does not erase 

These prehtninaiy results are already being confirmed by more 
elaborate experiments now going on, and a prmciple is estab¬ 
lished that, first, is fully m accord with other evidence showing 
lasting and generalized effects of early experience (Chapter 6) 
and, secondly, claiifies the inter pretation of existmg data con- 
cernmg human mtelligence-test performance, 

THE NATURE AND NURTURE OF INTELLIGENCE 

Actually, some of the data on normal human mtelligence (as 
well as the clmical data) allow only one interpretation, namely, 
that theie is a major effect of experience on the IQ One diffi¬ 
culty m accepting this mterpietation is that it may seem to deny 
the validity of the mtelligence-test method But, if the prmciple 
of a lasting and generalized effect of early learning is accepted, 
not only on the IQ but also on the everyday problem-solving of 
the adult, the validity of the intelligence-test method may be 
extended, not reduced It is common to say that an intelligence 
test IS not valid when given to a foreigner oi a Negio Not valid 
in what sense? as an estimate of mnate potentiality, of intelli¬ 
gence A. It may be quite valid, on a purely empirical footmg, 
for estimatmg mtelligence B—the actual level of compiehension, 
leainmg, and problem-solving tn this culture Separating these 
two meanings of 'mtelligence” allows one to show where the test 
IS valid, as well as wheie it is invalid 
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Look closer at this question of the lelationship between test 
scoie and culture It is agreed by psychologists that the IQ's of 
diffeient peoples should not be compaied, since intelligence tests 
are culture-loaded and not equally fair to subjects fiom different 
cultures Now it is quite clear from the context of such discus¬ 
sion that the “unfairness" lies m estimating a subject's hereditary 
endowment Negroes living in the United States make lower 
average scores on intelligence tests than whites do, but we can¬ 
not conclude that the Negro has a poorei biain than the white. 
Why^ Negio and white speak the same language, are taught m 
the same curriculum and sometimes in the same schools, work 
at the same plants, and on the whole intermmgle veiy fieely. 
Why then does the Negro's IQ not have the same meaning as 
a white mans? Because Negio and white do not have the op¬ 
portunity to leam to speak the language with equal lange and 
accuiacy, are not usually taught in equally good schools, and do 
not have equally good jobs or equal exposure to cultuial influ¬ 
ences that usually require a fairly good income. 

All this we can accept, but when we do so we must recognize 
that we have completely undermined the argument that diflei- 
ences of IQ among white, native Americans aie determined by 
heredity. 

In what respect does the argument, concerning the Negro’s 
IQ and his mnate endowment, diSer foi the poor white in the 
South and the white tenement dweller in the Noith? They do 
not have opportunity to acquiie the same vocabulaiy, aie often 
taught m poor schools, do not get good jobs or have good sala¬ 
ries The extent of this mfluence of experience is quite un¬ 
known, conceivably, it is small, but one cannot argue that Negro 
and white IQ's cannot be compaied, and at the same time that 
those of white and white can be, when the white subjects have 
different social backgrounds The IQ can be tiusted as an index 
of intelligence A only when the social backgiounds of the sub¬ 
jects compaied aie identical, and this adds up to the pioposition 
that we cannot in any rigoious sense measure a subject's mnate 
endowment, for no two social backgiounds aie identical and we 
do not know what the impoitant envnoninental vaiiables aie in 
the development of intellectual functions Intelligence A may 
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sometimes be estimated, but it cannot be measured (Hebb and 
Morton, 1944). 

Intelligence m sense B is a different matter. We know, be¬ 
yond dispute, that the adolescent with generally low mtelligence- 
test scores, whether Negio, poor white American, or foieigner, 
IS a poor prospect for college tiaming, or traming as a mechanic, 
or Army oflBcer, or diess designer The mabihty to determine 
intelligence A from a test score should not blmd us to the fact 
that a foreigner's intelligence B can be estimated, as fai as its 
operation in this culture is concerned. 

To be a bank manager, an airplane pilot, a mathematician, a 
secretary, or a suigeon requires a certam common conceptual 
development that must occur m this or a closely related culture, 
and in childhood mainly; and intelligence tests on the whole can 
piovide a rather good mdex of the extent to which that devel¬ 
opment has occurred No other mterpretation seems possible of 
the differences, both in educability and in intelligence-test scores, 
of first- and second-generation unmigiants Supposing that both 
have an adequate nutrition, father and son must have on the 
average the same mtelligence A, the son very often has a much 
higher intelligence B 

The nature of the cultural environment that is necessary to 
this conceptual development cannot be described accurately It 
does not necessarily consist of a formal schoolmg, and it may be 
present m spite of poverty. In general, one might guess, it con¬ 
sists of an exposure to ideas, to books, and to intelligent conver¬ 
sation, the oppoitunity to acquire common technical knowledge 
and skills, and exposure to persons with social skills, who are 
good at gettmg along with other persons Besides being a guess, 
of course, such a statement is pretty vague and shows rather 
clearly how much we cannot say about the matter. Also, we 
have no way of knowmg what ceilmg there is on tins environ¬ 
mental influence, at what age it is greatest, and so on. Such 
questions can be answered only by further research 

Our information at present is scanty, almost entirely natural¬ 
istic rather than experimental in ongm Neff's (1938) review 
will show the interested reader how definite the evidence is 
that environment has a major effect on the IQ Identical-twin 
data, for example, are commonly supposed to have shown that 
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heredity is the only major deteiminant of “intelligence.” In none 
of the studied pairs, however, was one twin bi ought up m an 
entirely favorable environment, one in an entuely unfavoiable 
environment, usually they were bi ought up in about the same 
stratum of society, so that similar IQ’s may be the result of 
similai environment, a similar heredity, or both 
What we really want, as evidence on this point, is one twin 
brought up in a good home, with books, toys, kmdeigarten 
training, and plenty of exposure to intelligent adults, the other 
brought up by illiterate, poveity-stncken, anti-social mountain- 
eeis with low IQ’s: then test their intelligences at maturity, and 
try makmg doctors, or politicians, of both twins. When this is 
done, and when it has been shown that the twm with a poor 
environment (for the fiist fifteen years of life) can with time 
become as good a diagnostician or committeeman as his geneti¬ 
cally identical brothei, it will then be in order to say that the 
factual evidence shows that “mtelligence” and the IQ are with¬ 
out any major effect from expeiience, not before. 

If the Iowa studies (Stoddard and Wellman, 1940) are dis¬ 
trusted, the studies of Gordon, Asher, and Jordan, among others 
reviewed by Neff, all tell the same stoiy. The constancy of the 
IQ IS the mam argument for its being deteimined by heredity, 
but the fact is that the IQ is not constant—it is stable, and 
changes slowly, and moie and more slowly as maturity is ap¬ 
proached (Anderson, 1939), so that the IQ of the adult may he 
constant (though there are few data on long-term comparisons 
even here) But piediction of the adult IQ, in infancy, is more 
accurate on the basis of the parents’ IQ’s than on that of the 
infant himself, fiom an IQ at the age of five, prediction of the 
IQ at twelve is about 20 pei cent better than chance prediction, 
veiy little better than can be done from knowmg what land of 
home the child is growmg up m 
There are then two determinants of intellectual growth a 
completely necessary innate potential (intelligence A), and a 
completely necessary stimulating environment. It is not to the 
point to ask which is moie impoitant, hypothetically, we might 
suppose that mtelligence will use to tlie limit set by heredity or 
environment, whichever is lowei Given a peifect environment, 
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the inherited constitution will set the pace, given the heredity 
of a genius, the environment will do so 
The essentials of this envuonmental influence cannot be speci¬ 
fied Though we know that wealth, prolonged schoolmg, or 
"intelligent” parents (that is, with intelligence B) aie not essen¬ 
tial, these things all may contribute. Smce the guess has been 
made that the essential is exposure to mtelligeiice B, it is pre¬ 
sumably true that the child must either have intelligent parents 
or intelligent acquaintances and teachers Schooling also is be¬ 
coming more and more necessary to an understanding of adult 
problems m this society, and a certain amount of wealth, of free¬ 
dom from economic piessure, may be quite necessary to full mtel- 
lectual development. The fact is, however, that we know almost 
nothmg specific about the matter. The country may be full of 
potential geniuses, for all we know, and it should be a pressmg 
concern for psychology to discover the conditions that will de¬ 
velop whatever potentialities a child may have. 
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